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Abstract 
Spatial and temporal variation in the diet and prey preference of juvenile lemon sharks 
Prey selection has never been determined in an elasmobranch, primarily because of the large 
home ranges possessed by adults making accurate quantification of prey in the environment 
problematic. Juvenile lemon sharks spend their first few years of life within protected nursery 
grounds, enabling the first quantification of prey selection due to the restricted area that they 
inhabit. Growth and survival of juvenile lemon sharks strongly influences adult fitness and 
recruitment, and therefore prey selection may play an important role in the life history of 
lemon sharks. The selection of a preferred species or size of prey by juvenile lemon sharks 
was determined by comparing the proportions of prey in the diet with proportions of prey in 
the environment at Bimini, Bahamas, between March 2000 and March 2003. The diet of 
lemon sharks was quantitatively described from the analysis of 642 shark stomachs (54.7 ± 
0.3 cm precaudal length PCL, mean ± S.E., range 43.5 to 90.0 cm), of which 396 (62 %) 
contained food items. The main prey of juvenile lemon sharks at Bimini were mojarras (69% 
index of relative importance, IRI), parrotfish (5.5 % IRI), swimming crabs (5.1 %) and 
barracuda (3.1 % IRI). The yellowfin mojarra Gen·es cinereus was the main prey of lemon 
sharks regardless of location, season, shark size or sex. Contingency table analysis revealed 
the diet of juvenile lemon sharks to be specific to location et = 65.54, p < 0.0001), but 
homogeneous with season eX: = 17.91, p = 0.118), shark size et = 64.36, p = 0.057) and 
shark sex (X2 = 13.21, P = 0.354). Prey sizes were measured where possible, or calculated 
using least squares linear regression equations relating bone or carapace dimensions with 
original size. Original size was obtained for 350 dietary items, with 85 % calculated using 
bone regressions. Juvenile lemon sharks demonstrated no significant spatial or temporal 
variation in the size of prey consumed (Kolmogorov-Smimov and Student's /-tests, P > 0.05), 
but juveniles over 60.0 cm PCL conswned significantly larger prey than smaller sharks 
(ANOVA, P < 0.001). Bone-length regressions also enabled a more accurate estimate of meal 
size (2.17 ± 0.17 % BW, mean± S.E., range 0.0 I to 21.4 % BW, n = 407) and subsequently 
daily ration, 1.31 - 1.80% BW (depending on shark size), in comparison to traditional back-
calculation techniques. Forty-three blocknets, 540 seine nets and 498 trawls were closed to 
sample mangrove and seagrass communities, resulting in the capture, identification and 
measurement of 216,150 fish and macro invertebrates. Catches were extrapolated over the 
entire study area providing an estimate of population sizes. Prey preference was estimated 
using chi-square residuals and a traditional electivity index. Values and rankings of selection 
varied with technique, but both revealed similar trends in prey preference. Proportions of prey 
families and prey sizes in the diet of lemon sharks from Bimini were significantly different to 
those found in the environment Ci, P < 0.001 and Kolmogorov-Smirnov test, P < 0.001 
respectively). Lemon sharks demonstrated a preference for slower moving prey that were 
easier to capture (e.g. mojarras, toadfish, parrotfish and filefish), while avoiding larger, faster 
and harder to catch prey. Yellowfin mojarra were consumed in proportion to the distribution 
of fish lengths in the environment, suggesting that their importance in the diet may be due to 
preferred sizes in the environment as well as their ease of capture. Lemon shark diet was 
closely correlated with mangrove communities, demonstrating the importance of mangroves 
and the need for their protection in the Bahamas. The degree of selection exhibited by 
juvenile lemon sharks was greatest when prey were more abundant (off South Bimini and in 
the wet season), suggesting that lemon sharks conform to the optimal foraging theory. 
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Chapter 1 
General introduction to prey selection in elasmobrancbs 
1.1 What is prey selection and why is it important? 
Predators have long been recognised as important in maintaining diversity and stability in 
terrestrial as well as aquatic ecosystems by affecting prey populations primarily via selective 
predation (Paine, 1966; Bryan and Larkin, 1972; Stein, 1977; Luczkowich, 1988). 
Determining which prey are selected more often than others is of particular interest because it 
provides fundamental information about the nature of animals and how they meet their 
requirements for survival (Manley et al., 1993). The measurement of the relative prey 
preference of any predator is based on two things: I) the relative numbers of prey organisms 
eaten by the predator, and 2) the relative numbers of prey organisms available in the 
environment (Hess and Rainwater, 1939). Prey that are overrepresented in the diet of a 
predator (i.e. consumed in a greater proportion to that found in the environment) are selected, 
whilst those that are underrepresented in the diet are avoided, or negatively selected. 
Consequently, opportunistic feeding (also known as apostatic selection; Clarke, 1962) occurs 
when a predator feeds on prey relative to their abundance in the environment (frequency 
dependent feeding), while selective feeding (anti-apostatic selection) occurs when a predator 
ignores more abundant organisms in favour of a preferred prey. Apostatic selection 
(opportunistic feeding) helps to maintain the diversity and stability of communities and 
predator-prey interactions (Clarke, 1962; Alien and Clarke, 1968) but anti-apostatic selection 
can reduce the diversity and stability of a community (Alien, 1972). Predation can alter 
habitat selection behaviours of prey species, as well as their abundance, size distributions, life 
histories and the consequent effects on their own prey (Kitchell et al., 1994). Therefore, the 
number of top carnivores that feed on a variety of species of fish and crustaceans could have a 
major impact on the trophic dynamics of an area (Holland et al., 1993). Little is known about 
the effects of apex predators on marine ecosystems. Quantitative information on population 
dynamics, such as food intake and prey selection, is required to estimate biological production 
in order to develop a rational approach for fisheries management (Gruber, 1981 ), and is 
critical in the protection of endangered species. 
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1.2 Prey selection and the Optimal Foraging Theory 
A basic knowledge of the optimal foraging theory (see MacArthur and Pianka, 1966; Emlen, 
1966; Schoener, 1971) is useful to understand the role and importance of prey selection. 
Feeding is necessary to sustain life, with surplus feeding (and therefore energy) used for 
growth and production of offspring (Winberg, 1956). Prey selection is therefore thought to 
occur in an attempt to maximise energy intake and ultimately increase the Darwinian fitness 
of an organism. The optimal foraging theory attempts to weigh the factors that determine the 
food habits of a predator (e.g. predator size, swimming ability, prey abundance) with the costs 
associated with feeding. The costs associated with feeding include the energy used to find, 
capture, consume and digest prey, and the risk associated with the capture of prey and the risk 
from predation while foraging. Animals have two approaches to foraging optimally, either 
maximise energy intake, or minimise energy expenditure. 
There are several ways that an organism can maximise net gain of energy, such as feeding in 
areas of high prey density, feeding when prey are more active and vulnerable, selectively 
feeding on prey that are easy to catch and subdue due to their size or species, and to live or 
feed in certain areas to reduce predation risks. This energy-maximisation premise explains the 
optimal foraging theory in its application to searching behaviour, exploitation of food sources 
and selection among alternative food items (Stephens and Krebs, 1986). Optimal foraging 
theories have been used to make predictions about diet composition (e.g. MacArthur and 
Pianka, 1966) and the selection of particular sizes of food (e.g. Charnov, 1976), with 
"optimal" regularly defined in studies of optimal foraging in terms of some measure such as 
energy intake or acquisition of specific nutrients. However, as this study did not focus on the 
choices responsible for the selection of different prey, "optimal" is defined in terms of a 
behaviour that is more efficient than random behaviour and more efficient than a restricted 
number of alternatives, but not necessarily the most effective behaviour possible (Kamil and 
Sargent, 1981 ). 
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1.3 How is prey selection quantified? 
Prey selection of a predator has been determined in the past by comparing proportions of prey 
in the diet with proportions of prey in the environment. This is usually achieved with 
electivity indices that calculate the ratio of percentage use of a resource divided by the 
percentage available based on the early forage ratio proposed by Savage (1931 ). Prey 
selection work carried out on piscivorous teleosts led to the development of the most 
commonly used selection index today, lvlev's electivity index (lvlev, 1961 ), which has been 
adapted and modified to form a host of new selectivity indices (e.g. Dodson, 1970; Manley et 
al., 1972; Manley, 1973, 1974; Jacobs, 1974; Chesson, 1978; Strauss, 1979; Yanderploeg and 
Scavia, 1979a, b; Bowyer and Bleich, 1984; Rondorff et al., 1990). Studies of prey 
populations are necessary to determine if selection is dependent on the abundance of prey in 
the environment, or if a predator is choosing preferred prey. Therefore, accurate quantification 
of prey populations is critical in the determination of prey selection and appears to be the 
main limiting factor of the diversity of prey selection studies in the literature. 
Quantification of prey populations is more problematic for highly mobile predators or prey 
and consequently the majority of studies investigating the prey selection of fish are directed at 
freshwater planktivores (Gerking, 1962; Galbraith, 1967; Wemer, 1974; Werner and Hall, 
1974; Engel, 1976; Repsys et al., 1976; Stein, 1977; Newsome and Gee, 1978; Hall et al., 
1979; Bohl, 1982; Newman and Waters, 1984) with fewer studies directed at active 
freshwater piscivores (lvlev, 1961; Beyerle and Williams, 1968). Most studies use freshwater 
species because of the ease of sampling restricted habitats such as lakes or rivers and streams, 
resulting in very few studies determining the prey selection of marine fish. Most studies of 
prey selection of marine fish have been conducted on larval stages in the laboratory, primarily 
for aquacuhure purposes (e.g. Olsen et al., 2000; Margulies et al., 200 I), with very few 
studies conducted in the wild (e.g. Pillar and Barange, 1993). Therefore, most studies have 
focused on prey selection of lower trophic groups in freshwater environments, resulting in a 
distinct lack of prey selection studies conducted on apex predators and in the marine 
environment. At present, studies of prey selection in elasmobranchs are limited to qualitative 
or semi-quantitative reports (e.g. Steven, 1930), representing a gap in an entire vertebrate 
class. 
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1.4 Introduction to elasmobranchs 
Modern day elasmobranchs (cartilaginous fish) have been evolving independently for at least 
450 million years (Hoenig and Gruber, 1990) and are represented by approximately 400 
extant species of sharks and 500 species of skates and rays (Heuter, 1998). Elasmobranchs 
have adopted a different life history strategy to teleosts, with viviparous sharks exhibiting a K-
selective life history strategy (see Pianka, 1971). Consequently, sharks are mostly large, slow 
growing, relatively long-lived and produce relatively few precocious young after a lengthy 
gestation period (Branstetter, 1990; Caillet, 1990; Hoenig and Gruber, 1990). In comparison, 
r-selective teleosts are characterised by rapid growth, a relatively short life cycle and many 
fragile young. As a result, management strategies that have been applied to teleosts may not 
be applicable to sharks (Holden, 1972, 1974; Gruber et al., 2001). Their life history strategy 
of late age at maturity and a few young makes it difficult for elasmobranchs to quickly 
recover from the impact of human activities. Elasmobranchs are therefore vulnerable to 
overexploitation, with sharks exploited directly by sport and commercial fishing (Baum et al., 
2003), as well as indirectly impacted by anthropogenic habitat degradation due to dredging, 
construction and pollution (Manire and Heuter, 1993; Daves and Nammack, 1998). 
1.5 Introduction to the lemon shark 
The lemon shark, Negaprion brevirostris (Poey, 1868), is a large coastal species belonging to 
the family Carcharhinidae (the requiem sharks). The Carcharhinids are the most abundant 
and diverse group of sharks in tropical coastal waters (Garrick 1982, Compagno, 1984), 
comprising over half of all living sharks, with eight families and over 207 species 
(Compagno, 1990). The lemon shark is commonly found in the Western Atlantic, (New 
Jersey to southern Brazil, Caribbean, Gulf of Mexico and Bahamas), Eastern North Atlantic 
(including Senegal and the Ivory Coast), and is occasionally found in the tropical Eastern 
Pacific from Southern Baja California and the Gulf of California to Ecuador (Bigelow and 
Schroeder, 1948; Springer 1950; Castro, 1983; Compagno 1984). The lemon shark inhabits 
shallow waters down to at least 90 meters (Springer, 1950; Compagno, 1984; Gruber et al., 
1988) and is known to enter freshwater but, unlike the bull shark Carcharhinus leucas, they 
have not been found far up tropical rivers (Compagno 1984). 
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The lemon shark makes a good experimental subject for quantitative studies because of its 
size, abundance, generalised structure and good survival in captivity (Gruber, 1982). The 
generalised structure of lemon sharks means the biology of many other Carcharhinid species 
can be inferred from studies of lemon shark biology. The lemon shark is also a good study 
subject because it is a facultative ram ventilator, which means that it can ventilate its gills 
while resting on the bottom and thus "pay back" any oxygen debt incurred from struggling 
during capture (Gruber et al., 1988). Historically, the lemon shark has been of economic 
importance because of its heavy hide, which makes good quality leather. Liver oil is the 
lemon sharks most valuable contribution, with its value varying greatly with the vitamin A 
content (Springer, 1950). This species also has large fins that are in demand for the Chinese 
trade as well as good quality meat, and is therefore a valuable species quite aside from its 
liver oil. In United States waters, the lemon shark is one of thirty-nine species protected under 
the Magnuson-Stevens Fishery Conservation and Management Act (PL 94-265) and has 
recently been listed on the IUCN Red List of endangered species (IUCN, 2002). Large coastal 
sharks as a group are considered over fished (NMFS, 200 I; Baum et al., 2003) and to 
effectively manage and conserve these protected species, we must have an accurate 
knowledge of their life histories, reproductive patterns and habitat associations. 
1.6 The diet of juvenile lemon sharks 
The diet is perhaps one of the most thoroughly investigated areas related to the feeding of 
elasmobranchs. Knowledge of food habits are vital in assessing the ecological requirements of 
a species, with information on the diet and feeding habits of a species adding insight into its 
biology and distribution. A quantitative description of food choice is a necessary prerequisite 
to studies of predator-prey interactions and the first step in elucidating decision criteria made 
by foraging animals as part of the optimal foraging theory. All of the studies conducted on the 
lemon shark's diet showed that the dominant prey items were teleosts, with estimates ranging 
from 67 %at Bimini, Bahamas (Cortes and Gruber, 1990), to 88 % in Florida Bay (Schmidt, 
1986). Small demersal fish, mainly toadfish (Opsanus beta) and pinfish (Lagodon 
rhomboides), were the most common dietary items of juvenile lemon sharks in coastal marine 
waters in Florida (Schmidt, 1986). Cortes and Gruber (1990) found that the main teleost prey 
of juvenile lemon sharks at Bimini were snappers (Lutjanidae, 7.7 %) and porgies (Sparidae, 
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6 %), whilst the most important prey in the Florida Keys were porgies (20 %), mojarras 
(Gerreidae, I 0 %) and snappers (8.5 %; Cortes and Gruber, 1990). Crustaceans were second 
in importance to teleosts in the diet of juvenile lemon sharks (Springer, 1950; Schmidt, 1986; 
Cortes and Gruber, 1990). The most important crustacean prey of juvenile lemon sharks were 
the commercially important pink shrimp, Penaeus duorarum (Schrnidt, 1986; Cortes and 
Gruber, 1990) and blue crabs, Callinectes :.p. (Cartes and Gruber, 1990). 
1. 7 Prey selection in sharks 
Sharks are generally thought of as asynchronous opportunistic predators that feed on the most 
abundant prey (see review by Wetherbee et al., 1990). All of the dietary studies of juvenile 
lemon sharks have suggested that the most prominent prey item in the diet was also the most 
abundant in the environment (Springer, 1950; Schmidt, 1986; Cortes and Gruber, 1990). 
However, recent observations have led to the opinion that some sharks may exhibit some 
degree of selection: great white sharks Carcharodon carcharias seem to prefer seals, tiger 
sharks Galeocerdo cuvier sea snakes and turtles (e.g. Simpfendorfer et al., 200 I b), blue 
sharks Prionace glauca squid, and bullsharks Carcharhinus leucas prefer to eat other sharks. 
Prey preference of some species has been suggested from quantitative dietary analysis, with 
sandbar sharks (Carcharhinus plumbeus) and bonnethead sharks (Sphyrna tiburo) preying 
heavily upon blue crabs (Medved et al., 1985; Cortes et al., 1996), whiskery sharks Furgaleus 
macki feeding almost exclusively on octopus and other cephalopods (Simpfendorfer et al., 
2001a) and juvenile lemon sharks may select toadfish by homing in on their vocalisations 
(Cartes and Gruber, 1990). However, none of these studies have compared the diet with prey 
abundances in the environment to determine quantitatively if selection is occurring. The 
extent of opportunism or prey selection in sharks is yet to be quantified primarily due to the 
large home ranges possessed by the adults of most shark species, with many species making 
regular migrations of several thousand miles (see review on shark tag-recapture studies by 
Kohl er and Turner, 200 I). 
1.8 Shark nurseries 
Parental care after birth in elasmobranchs is unknown. Subsequently, juveniles of many 
species of shark rely upon critical nursery grounds. Shark nurseries are geographically 
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discrete parts of a species' range, where gravid females of most species of coastal sharks 
deliver their young or deposit their eggs, and where their young spend their first weeks, 
months, or years (Castro, 1993). Many species of sharks utilise protected bays, estuaries or 
reef lagoons as nursery areas (Springer, 1967; Gruber, 1981, 1982; Snelson et al., 1984; 
Castro, 1993; Simpfendorfer and Milward, 1993). 
Along the east coast of North America, lemon shark nurseries are found in the shallow banks, 
lagoons, and flats around mangrove islands off Florida Bay and the Bahamas (Springer, 1950, 
Gruber, 1988). Nursery areas serve two essential purposes: I) protection from predation by 
segregation of the young from the adult population and 2) provide abundant food for the 
growth and survival of juveniles until recruitment into the adult population. The importance 
of lemon shark nurseries has recently been reinforced by the demonstration of philopatry in 
lemon sharks using microsatellite genotyping (Feldheim et al., 200 I), which return to the 
same nursery grounds for parturition biennially in the spring or early summer (Springer, 1967; 
Feldheim et al., 200 I). Predatory risk to juvenile sharks is greatest from larger sharks, with 
lemon sharks known to be cannibalistic (Vorenberg, 1962; Wetherbee et al., 1990). Adult 
males rarely enter these nursery areas and adult females, which only enter when they are 
gravid and at full term, cease feeding whilst in the nursery (Springer, 1967). However, 
attainment of approximately I 00 cm total length may still be a critical factor in neonate 
survival as they are then large enough to deter many predators as well as active enough to 
avoid predation by means of increased swimming speed and efficiency (Branstetter, 1990). 
Within the nursery, movements of juvenile lemon sharks have been studied using ultrasonic 
telemetry by Morrissey and Gruber (1993a,b) and their movements around Bimini reviewed 
by Sundstrom et al. (200 I). Juvenile and subadult lemon sharks use only a fraction of the 
available habitat and exhibit defined home ranges that often overlap but increase almost 
exponentially with shark total length (Morrissey and Gruber 1993a). A home range is defined 
as "the spatially and temporally defined area over which an animal travels while engaged in 
its normal activities" (Morrissey and Gruber, 1993a). Tracked juvenile lemon sharks 
possessed a defined home range between 0.23 km2 and 1.26 km2 (Morrissey and Gruber, 
1993a) and demonstrated a positive correlation with the shoreline, disproportionately 
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selecting warmer water (> 30 °C) less than 50 cm deep with a rocky or sandy substrate 
(Morrissey and Gruber, 1993 b). Therefore, use of nursery areas by juvenile lemon sharks for 
several years, and their defined home range during this time, enables the accurate 
quantification of prey communities that a shark may encounter. This in turn enables the first 
quantification of prey selection in any elasmobranch. Fm1hermore, with lemon shark 
mortalities in the first year approximately 60 % (Manire and Gruber, 1993; Hoenig and 
Gruber, 1990; Gruber et al., 200 I), the survival of lemon sharks as a species is very delicately 
balanced on the success of juveniles in their nursery grounds, with variation in growth and 
survival of juvenile lemon sharks strongly influencing adult fitness and recruitment (Feldheim 
et al., 2002). Therefore, prey selection of juvenile lemon sharks may play an important role in 
their growth and survival within the nursery, and their eventual recruitment into the adult 
population. 
1.9 Potential of prey selection in juvenile lemon sharks 
Juvenile lemon sharks may be opportunistic feeders as juveniles are associated with rapid 
growth and a large appetite, and may also lack the sensory capability to distinguish prey 
(Wetherbee et al., 1990). Alternatively, it is common for polyphagous predators (such as 
juvenile lemon sharks) to show a preference for some prey over others, depending on such 
factors as the size and palatability of prey, as well as their abundance and ease of capture 
(Hassell, 1980). The interval between feeding in lemon sharks is relatively long (between 33 
and 47 hours; Cartes and Gruber, 1990) and this may result in lemon sharks feeding only 
when a preferred food item is encountered. In terms of optimal foraging juvenile lemon sharks 
are probably energy maximisers due to reduced predation and lack of aggression towards 
conspecifics within the nursery (e.g. Morrissey and Gruber, 1993a). Therefore, juvenile lemon 
sharks should feed selectively to maximise energy intake and subsequently growth. While 
prey selection is the process in which an animal chooses prey, prey preference is the 
likelihood that a certain prey will be selected if offered on an equal basis with others 
(Johnson, 1980). It is often necessary to first determine prey preference in the field, and if an 
organism demonstrates a degree of preference then the processes of prey selection can be 
elucidated using laboratory studies. 
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1.10 General hypothesis 
To this purpose, the diet of juvenile lemon sharks was compared with available prey within 
the nursery to determine if nursery-bound juvenile lemon sharks demonstrate any preference 
for certain prey and to test the following hypothesis: 
Juvenile lemon sharks demonstrate non-random selection that varies with prey family and 
size, and spatially and temporally with prey abundance. 
1.11 Aims and objectives 
The main aim of this study was to compare quantitatively the diet of juvenile lemon sharks 
with the available prey in the nursery to determine if they fed randomly on available prey. 
This study improved previous descriptions of lemon shark diet by analysing a larger sample 
size and increasing levels of identification by using a prey skeleton reference collection. 
Quantification of prey communities within the nursery was improved on previous descriptions 
of mangrove and seagrass communities by using multiple collection techniques and a larger 
sample size. Two contrasting nurseries were selected, one highly productive area and one with 
very low primary productivity. This enabled the comparison of prey selection when prey were 
at different densities, with the optimal foraging theory suggesting that selection should 
decrease when prey are sparse (Krebs, 1978; Krebs and McCleery, 1984; Knights, 1985) 
probably as a result of increased hunger. This also enabled the estimation of the potential 
impacts of habitat degradation on the foraging behaviour of juvenile lemon sharks. Year 
round sampling enabled the identification of seasonal variations in the diet of lemon sharks 
for the first time as well as the comparison of prey selection with respect to seasonally 
fluctuating prey populations. In addition to prey species selection, this study also determined 
prey size selection for the first time in any elasmobranch. Prey sizes are rarely quantified in 
the diet of sharks due to the effects of the digestive process inhibiting direct measurement of 
prey recovered from shark stomachs. Therefore, fish bone measurements were related to fish 
total length and crab carapace measurements were related to crab carapace width producing 
regression equations. This enabled measurements from shark stomachs to be used to estimate 
the original size of juvenile lemon shark prey. This technique used digital technology rather 
than traditional measurement techniques, and improved on earlier studies by the inclusion of 
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many more measurements for the estimation of original size in more species of tropical 
teleosts and crustaceans. Furthermore, prey sizes were used to estimate meal sizes and the 
daily ration of juvenile lemon sharks in different locations and seasons, and compared with 
traditional techniques of daily ration estimation. Finally, prey selection of juvenile lemon 
sharks was quantified and spatial, temporal and ontogenetic variations compared. 
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2.1 Study site 
2.1.1 Bimini 
Chapter 2 
General materials and methods 
The Biminis are a group of subtropical islands and cays located in the Northwest Bahamas on 
the edge of the Great Bahama Bank, approximately 86 km east of Miami, Florida, 100 km 
southwest of Grand Bahama and 125 km northwest of Andros (Figure 2.1). Bimini is located 
at 25°44'N 79°16'W on the eastern edge of the Florida Straits and the Gulf Stream, whose 
nutrient rich waters feed its shallow lagoons daily. To the east and south, shallow sand banks 
with a maximum depth of 12 feet extend across the Great Bahama Bank. The islands of north, 
south and east Bimini comprise of a few square miles, most of which is wetlands. The 
shoreline of Bimini is predominantly covered with red mangroves (Rhizophora mangle) and 
black mangroves (Avicennia germinans). White mangroves (Laguncularia racemosa) and 
buttonwoods (Conocarpus erecta) grow further inshore. 
The islands of Bimini enclose a main lagoon approximately 21 km2 (Morrissey and Gruber, 
1993a) open to the waters from the Banks to the east and to the Gulf Stream through a narrow, 
deep chatmel between north and South Bimini. A summary of the hydrology and 
geochemistry of the Bimini area, and within the North Sound and South Bimini shark 
nurseries is provided in Table 2.1. The bottom waters are generally well oxygenated except in 
the more sheltered mangrove areas (Newell et al., 1959). The organic carbon content of the 
sediments in the main lagoon is higher than the surrounding banks (Kornicker, 1958) and as a 
result this area harbours an unusually diverse biota (Newell et al., 1959). The lagoons 
themselves are predominantly covered with turtle grass (Thalassia testudinum) with lesser 
quantities of shoal grass (Halodule beaudettei, formerly H. wrightii), manatee grass 
( Cymodocia manatorum) as well as other species of macroalgae. 
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Figure 2 .1. Location of B imini, Bahamas. Insert shows location (rectangle) w ith respect to the 
southeast United States. Study area off South Bimini was between points A and B, and north 
of point C in the N01th Sound. 
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Location Area of Tidal Tidal flow Temperature Salinity Sediments and geology 
study (km2) range (m) (cm/s) range (°C) range Ooo) 
Bimini n/a 0.75-1.0 mn ND 24- 28.5 °C rt .,6 .,8 °/ •n .) - .) 00 Modern carbonates up to 1.5 m ttt 
thick overlying Pleistocene 
limestonet 
North 1.35 km2 ND 24 cm/stt 14 - 31 °C •,••• 31 - 40 °100 ••• Carbonates and faecal pellets 
Sound As low as 1 cm/s •• primarily of bioorganic origin •, t, t 
over limestone pavementt: 
South 0.93 km2 ND ND ND ND Modern carbonates ttt, large 
Bimini portion of sand on a rock 
pavementt 
Table 2.1. The historical hydrology and geochemistry of Bimini and in the North Sound and South Bimini shark nurseries. The area of 
study is defined as the sampling area within 200 m of the mangroves (see section 2.1.4). Tidal range is the difference in depth at high 
and low tide. n/a means not applicable, ND means no data available in the literature. References: ·Kornicker and Purdy, 1957; .. Purdy 
and lmbrie, 1957· ··· rurekian, 1957· tKornicker, 1958; ttNewell et al., 1959; tttBathurst, 1967; tstieglitz, 1972; :twiedenmayer, 
1977. 
2.1.2 North Sound shark nursery 
The North Sound is a shallow subtropical marine lagoon surrounded by the red mangrove, 
Rhizophora mangle, and supporting a well-studied population of lemon sharks (Jacobsen, 
1987). Jacobsen ( 1987) found an increased proportion of fine-grained sediments with 
increasing Thalassia biomass, with sparse areas having the highest proportion of sand and 
bare sites the highest proportion of pebbles. 
The North Sound is affected by limited tidal movements through a narrow opening to the 
south and two creeks to the east. Recent construction outside of the North Sound resulted in 
further depression of tidal flow, resulting in a I Y, hour delay in high tide from the main 
lagoon and a 2 Y, hour delay from South Bimini. This restricted tidal flow results in very little 
water exchange with water bodies outside of the North Sound. Low tidal flow combined with 
shallow depth means that water temperature in the North Sound is greatly influenced by cold 
fronts in the winter and by hot weather in the summer, causing wide and rapid fluctuations 
(Newell et al., 1959; Jacobsen, 1987; Table 2.1 ), in a similar manner seen in southern Florida 
(Zieman, 1982) and across the Great Bahama Bank (Roberts et al., 1983). 
Previous studies have shown that the quality of this water is variable, displaying relatively 
high salinities and temperatures (Voss & Voss, 1960; Table 2.1 ). A distinct salinity gradient 
can occur during times of low rainfall (over 40 ppt) and can decrease rapidly during times of 
heavy rainfall, with measurements of 31 ppt or lower (Turekian, 1957). Due to the extremes 
in temperature and salinity in the North Sound (Table 2.1), it is apparent upon entering the 
North Sound that primary productivity is severely restricted, with only sparse seagrass 
compared to the main Bimini lagoon. 
2.1.3 South Bimini shark nursery 
In comparison to the North Sound, the area off South Bimini has been little studied (Table 
2.1 ). The South Bimini study area is a 4 km length of mangrove-fringed shoreline, with an 
area of 0.93 km2 . Dense mangrove coverage off South Bimini covers an area of 0.19 km2 . 
Environmental conditions off South Bimini largely reflected the waters of the Gulf Stream, 
24 
with some localised weather-influenced variations. Maximum depth at low tide off South 
Bimini was 1.5 m, with some areas completely drying out. 
2.1.4 Nursery demarcation 
Due to the open nature of the South Bimini nursery, sampling area had to be further defined. 
Lemon sharks possess a well-defined home range, exhibiting a positive correlation with 
shoreline and rarely moving far from shore (Morrissey and Gruber, 1993a,b). Because of this 
association with the shoreline, the area of study within both nurseries was limited to 200 m 
from the mangrove fringe. Each nursery was further divided by marker poles placed at 250 m 
intervals along the shoreline using a handheld laser rangefinder (DME Rangefinder, 
Laseroptronix AB). These enabled sampling to be evenly distributed within the nursery and 
triangulation of catch locations, as well as facilitating nighttime navigation. 
2.2 Collection techniques 
2.2.1 Shark collection techniques 
Sharks were collected for stomach contents required for dietary analysis and for prey size 
estimation between March 2000 and March 2003. Juvenile lemon sharks were caught using 
monofilament gillnets 180 m long by 2 m deep with a 5 cm square mesh. Nets were set 
perpendicular to shore with one end tied to the mangroves for up to 12 hours, and checked 
whenever a splash was heard, but no less frequently than every 15 minutes. The use of gill nets 
avoided the bias of attraction using bait, which is known to result in a higher percentage of 
sharks with empty stomachs (Gruber, 1984; Cortes and Gruber, 1990; Cortes et al., 1996). 
Sharks were caught throughout the diel period, but catch rates were lower during the day due 
to visual avoidance, so fishing was concentrated at dusk and at night. 
Upon capture, sharks were immediately removed from the net, and time and location of catch 
recorded. Sharks were marked with a passive integrated transponder (PIT) tag (Destron 
Fearing) enabling individual estimates of growth, diet and prey preference. A 12-gauge 
hypodermic needle was used to inject a PIT tag through the musculature and skeletal elements 
below the first dorsal fin (Gruber et al., 2001). Tags were inserted at a 35° downward angle, 
which was found to significantly reduce tag-shedding rates (pers obs). Sharks were then 
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transported by boat in a 1 00-L container with sea water, to a 1 5-foot diameter holding pen 
constructed of 5 cm polypropylene mesh supported by steel rods and held to the bottom with 
concrete blocks. Once fully recovered from capture, each shark was sexed, weighed (to the 
nearest 0. 1 kg) and three length measurements taken to the nearest millimetre (Figure 2.2), 
due to different length measurements used in shark studies in the literature. 
2.2.2 Shark stomach content collection 
Shark stomachs were non-lethally everted to collect contents using the techniques described 
by Schurdak and Gruber (I 989) and Cortes and Gruber (1990), resulting in very low 
mortalities (ea. I .5 %). Sharks were netted from the holding pen and placed in a 1 :5000 
concentration of tricaine (MS-222) diluted in seawater. Sharks were held in the anaesthetic 
unti 1 all gill movements ceased and then left for a further 30 seconds to ensure that the shark 
was completely unconscious. The animal was then removed, held upside down at a 45° angle 
(snout pointing downwards) and the stomach gently teased out of the mouth using t 2" 
forceps. Stomach contents were stored in 70 % isopropanol for later analysis at the lab. The 
stomach was returned to the body cavity and sharks were recovered by placing into a I 00-L 
container with clean seawater and the anaesthetic flushed out by pumping water over the gills 
using an electric bilge pump. The whole process would usually take between 2 and 5 minutes, 
from capture to recovery. Once the shark was recovered it was returned to the holding pen, 
monitored for up to 24 hours, fed and then released. 
2.2.3 Prey Collection Techniques 
Teleost, macroinvertebrate and elasmobranch communities were sampled for estimation of 
prey populations (Chapter 4), compilation of specimens for a skeleton reference collection 
and for osteological measurements (Chapters 5 and 6). Sampling took place between March 
2000 and March 2003, regardless of tide and was predominantly diurnal but some samples 
were also collected at night. Sampling was conducted with emphasis on prey items of juvenile 
lemon sharks; therefore shelled organisms such as hermit crabs and gastropods were 
excluded. Seine nets, trawls and gillnets were used over seagrass, with blocknets used to 
sample mangrove fauna! communities. The seine net and block net were both 75 m long and 
2 m deep with a 5 mm mesh. Blocknets enclosed an area of mangroves in a U-shape, with 
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Figure 2.2. Diagram of a lemon shark, Negaprion breviroslris, with locations of length 
measurements taken: precaudal length (PCL), fork length (FL) and total length (TL). Image 
taken from Compagno ( 1984). 
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each end extending above the high tide mark, using natural openings in the mangroves where 
possible. Blocknets were supported by steel rods and weighted to the bottom, allowing 
organisms to move in and out of the enclosed area. Blocknets were left for three days to allow 
the area to settle from the disturbance of setting, after which they were lifted and tied to the 
steel rods on the high tide, preventing ingress and egress of all organisms. As the tide receded, 
all captured organisms were removed, identified, measured, weighed and released in situ. 
Over the seagrass, seine nets were closed towards shore with people acting as "scarers" and 
creating a disturbance to deter fish from escaping the closing net. Once closed, the net was 
pursed and organisms removed. The trawl had an opening of I m by 0.5 m with a 5 mm mesh 
bag and was pulled perpendicular to shore for a distance of 50 m. Gill nets were set throughout 
the diel period exactly as described for catching sharks. Locations of each sampling event 
were triangulated with the rangefinder using the prepositioned marker poles and mangrove 
fringe, as well as with a W AAS GPS (Garmin, GPS 72). 
2.2.4 Weighing, measuring and sorting of catches 
All fish and macroinvertebrates were identified to species (Voss, 1976; Kaplan, 1988; Bohlke 
and Chaplin, 1968, 1993; Human, 1999a, b, c), measured (in mm, fork length FL, total length 
TL, or carapace width in crabs) and weighed (± O.lg, Ohaus Scout digital scales). Large 
organisms were weighed to the nearest I 0 g using either a I 0 kg or 60 kg hand held dial scale. 
Sharks incidentally caught also had precaudal length (PCL) measured and their stomachs 
everted as above. Dorsal disc width measurements were used in rays and they were weighed 
to the nearest I 00 g. All organisms were released at the site of capture, with in situ 
observations indicating very low mortality rates. To reduce potential mortality in large 
catches, length measurements were taken from a random sample of 30 specimens (for each 
species present with more than 30 individuals), which were then weighed and released, with 
remaining fish were counted and weighed only. In extreme cases (for example when several 
thousand fish of one species were caught) several hundred were counted and weighed and 
their average weight used to estimate abundance from the total biomass. 
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2.3 Nursery description 
Two areas contrasting in levels of primary productivity were required for this study to 
facilitate the elucidation of prey preference in different habitats and at varying levels of prey 
abundance. Therefore quantification of seagrass standing crop, coverage and blade densities 
was first required in order to select appropriate sites. Quantification of the nursery habitats is 
important when making comparisons with studies in other areas and when describing spatial 
trends within an ecosystem. 
2.3.1 Methodology 
Abiotic and biotic environmental conditions were measured during the course of this study to 
provide quantification of each nursery. Temperature (mercury thermometer, Aqua Chem) and 
salinity (Sper scientific salt refractometer with automatic temperature compensation) were 
recorded concurrently with each sampling event in the field. 
Standing crop, blade counts and coverage of seagrass and macroalgae were taken at 50 metre 
intervals along four transects set perpendicular to the mangrove fringe. Transects off South 
Bimini were located I Y. km apart at (all 25 "N, 79 "W): transect I, 41.929'N 17.583 'W; 
transect 2 41.853'N 16.875'W; transect 3 41.709'N 16.190'W; transect 4 41.316'N 
15.667'W. In the North Sound two transects were on each shore, with two in the north of the 
sound at 46.227'N 15.927'W and 46.030'N 15.418'W, and two in the south at 45.618'N 
16.246'W and 45.357'N 15/586'W. At 50 metre intervals along each transect, one I m2 
quadrat was placed directly on the transect and one randomly placed on either side. 
Percentage cover of sand, seagrass (turtle grass Thalassia testudinum and shoal grass 
Halodule beaudettei), rock, sponges and other algae were estimated within each quadrat, 
which was divided into 25 squares to facilitate estimates. Species-specific seagrass blade 
counts were taken from each corner square (20 cm by 20 cm) of the first quadrat and all plant 
material collected from the centre square of the second and third quadrats for sorting, 
identification and weighing at the lab. Seagrass was blotted to remove excess water and 
weighed to 0.0 I g (Ohaus Scout digital scales). Measurements were taken in the wet season 
(May to October) and dry season (November to April). 
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2.3.2 Abiotic variables 
Temperatures and salinities were significantly greater in the North Sound than South Bimini 
(Table 2.2; temperature: Kolmogorov-Smimov, P = 0.002, using log10 transformed data; 
salinity: t-test, P < 0.000 I using log 10 transformed data). 
During the course of this study water temperature in the North Sound averaged 27.1 ± 0.4 °C 
(n = I 02), with a low of 13 °C in January 2003 and a high of 36 °C in July 2002 (Table 2.2). 
Temperatures off South Bimini averaged 25.8 ± 0.4 °C (n = 66), with a low of 15 °C recorded 
in January 2003 and a high of 32 °C in July 2002. Mean temperatures were significantly 
greater in the wet season in both the North Sound (t-test, P < 0.000 I, using log10 transformed 
data) and South Bimini (t-test, P < 0.0001 using log10 transformed data). The North Sound 
was generally hypersaline (average 37.4 ± 0.5 °/00) with mean salinities significantly lower in 
the wet season than in the dry (t-test, P = 0.007 using log transformed data). Salinities off 
South Bimini averaged 35.0 ± 0.4 °/00 and were also significantly lower in the wet season than 
in the dry season (Kolmogorov-Smimov, P < 0.001; Table 2.2). 
2.3.3 Biotic variables 
For comparative purposes, each nursery was described by quantitative seasonal variations in 
bottom type and coverage, seagrass blade densities and macroalgal standing crop. Bottom 
type and coverage was quantified in terms of bare sand, rock, sponges, other algae and the 
two main marine angiosperms at Bimini, turtle grass (Thalassia testudinum) and shoal grass 
(Halodule beaudettei - formerly H. wrightii). 
2.3.4 Seagrass coverage and macroalgae diversity 
Coverage was compared spatially between nurseries in each season and temporally between 
seasons within each nursery (Table 2.3). Values of percent coverage were heavily skewed and 
transformation (logx+J) did not normalise the data, so all comparisons of coverage were 
performed using the non-parametric Kolmogorov-Smirnov test of distributions. Percent 
coverage of turtle grass was significantly greater off South Bimini and bare sand coverage 
significantly greater in the North Sound, in both wet and dry seasons (P < 0.00 I). Turtle grass 
coverage was significantly greater in the dry season in the North Sound (P < 0.00 I), while 
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there was no seasonal variation in the distributions of turtle grass coverage off South Bimini 
(P = 0.182, Table 2.3). 
Shoal grass coverage was significantly greater in the North Sound (P < 0.00 I). Shoal grass 
coverage varied significantly with season, demonstrating greater coverage in the wet season in 
both nurseries (P < 0.00 I). Macroalgal coverage was significantly greater off South Bimini in 
both seasons (P < 0.00 I). Macroalgal coverage in the North Sound was significantly greater in 
the dry season (P < 0.00 I), whilst there was no significant seasonal difference in coverage off 
South Bimini (P = 0.379). 
Both nurseries were characterised by large amounts of Batophora oerstedii. The North Sound 
also had large amount of Dasycladus vermicularis with smaller amounts of Halimeda moni/e, 
H. incrassata, Anadyomene stellata and Laurencia intricata. Macroalgae off South Bimini 
were diverse, with large amounts of L. intricata, H. monile, H. incrassata, Penicillus 
dumetosus and P. pyriformis, and smaller amounts of Acetabularia crenulata, Avarainvillas 
sp., Ceramium nitens, Da~ycladus vermicularis and Dictyophaeria cavernosa. 
2.3.5 Coverage with distance from the mangrove fringe 
Quadrat samples of coverage indicated the habitat near the mangrove fringe was most 
heterogeneous with homogeneity increasing farther from shore (Figure 2.3). Off South Bimini 
turtle grass coverage increased with distance from shore while coverage of other algae 
decreased (Figure 2.3). In the North Sound, shoal grass was prevalent close to the mangrove 
fringe (0 m), while turtle grass was more common at all other distances. Turtle grass coverage 
in the North Sound decreased from a high of 33 % at 50 m from shore to a low of 16 %at 150 
m from shore, beyond which coverage increased (Figure 2.3). 
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Temperature (0 C) Salinity \loo) 
Mean± S.E. Range n Mean± S.E. Range n 
North Sound dry 25.3 ± 0.4 13- 31 64 38.4 ± 0.5 29-47 60 
North Sound wet 29.7 ± 0.5 22-36 38 35.9 ± 0.7 26-49 39 
South Bimini dry 24.1 ± 0.4 15- 31 35 35.6 ± 0.6 28- 44 35 
South Bimini wet 27.8 ± 0.4 24- 32 31 34.4 ± 0.5 30-44 36 
Table 2.2. Means (± S.E.) and ranges of temperature and salinity in the North Sound and 
South Bimini shark nurseries between March 2000 and March 2003 at Bimini, Bahamas. Dry 
season= November to April. Wet season= May to October. 
Bare sand Rock S~onge 
.t-.:1~.~2: S.E. Range Mean± S.E. Range Mean± S.E. Range 
North Sound wet (60) 65.7 ± 3.5 1-99 3.3 ± 1.8 0-82 0.3 ± 0.2 0-8 
North Sound dry (60) 57.8 ± 3.8 0-98 3.9±2.1 0-95 1.1 ± 0.3 0-17 
South Bimini wet (60) 24.9 ± 3.8 0-99 0.0±0.0 0-0 0.4 ± 0.1 0-6 
South Bimini dry (60) 33.9 ± 3.6 0-98 0.0±0.0 0-0 0.3 ± 0.1 0-4 
Tha1assia Ha1odule Other Algae 
Mean± S.E. Range Mean± S.E. Range Mean± S.E. R3JI~ 
North Sound wet (60) 11.4 ± 2.3 0-96 10.8 ± 2.9 0-97 10.7±2.0 0-62 
North Sound dry (60) 28.4 ± 3.6 0-82 8.3 ± 2.3 0-95 10.7±2.4 0-96 
South Bimini wet (60) 45.4 ± 4.9 0-100 4.4±2.5 0-90 11.4 ± 1.8 0-91 
South Bimini dry (60) 51.3 ±4.3 0-97 0.8 ± 0.4 0-19 13.8±2.1 0-94 
Table 2.3. Mean percent coverage and bottom type (± I S.E.) in the North Sound and off 
South Bimini in wet and dry seasons at Bimini, Bahamas. The number of quadrat counts are 
provided in parentheses. Note: coverage can exceed I 00% because other algae can be 
growing on rock or seagrass 
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2.3.6 Seagrass densities 
Seagrass blade counts were tested with the Kolmogorov-Smimov test for distributions due to 
the skewed nature of the data that could not be nonnalised by logx+I transformation. Blade 
counts of shoal grass were significantly greater in the wet season in both locations (P < 0.00 I; 
Table 2.4). Blade counts ofturtle grass were greatest in the dry season in the North Sound (P 
< 0.00 I) but greater in the wet season off South Bimini (P < 0.00 I; Table 2.4). Total seagrass 
densities were significantly greater off South Bimini than in the North Sound regardless of 
season (P < 0.001). 
2.3. 7 Seagrass standing crop 
Standing crop (above ground biomass) of live and dead turtle grass and other macroalgae 
were significantly greater off South Bimini in both the wet and dry seasons (Kolmogorov-
Smimov test, P < 0.00 I; Table 2.5). Standing crop of live turtle grass was greater in the wet 
season in both nurseries. Biomass of dead turtle grass was greatest off South Bimini in the dry 
season, but greatest in the wet season in the North Sound (Table 2.5). Live shoal grass 
biomass was significantly greater in the North Sound than South Bimini in both seasons 
(Kolmogorov-Smimov test, P < 0.00 I). There was no significant variation in standing crop of 
other macroalgae off South Bimini (Kolmogorov-Smimov test, P = 0.573) but standing crop 
was significantly greater in the North Sound during the wet season (Kolmogorov-Smimov 
test, P <0.001). 
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Figure 2.3. Comparison of percentage cover(± I S.E.) of bare sand (clear bars) turtle grass 
Thalassia testudinum (•) shoal grass Halodule beaudettei (•) and other algae (•) with 
increasing distance from shore in the North Sound (A) and off South Bimini (B). Error bars 
are ± I S.E. Percentage coverage was estimated from twenty-four I m2 quadrats at each 
distance. 
34 
100 
90 ~ 
80 
70 
60 
50 
40 
30 
20 
,.. 10 QJ ;;.. 
Q 0 (j 
QJ 0 50 100 150 200 bJ) 
.s 
= QJ 
~ 100 [!] QJ ~ 90 
80 
70 
60 
50 
40 
30 
20 
10 
0 
0 50 100 150 200 
Distance from shore (metres) 
35 
2.3.8 Discussion of nursery description 
Extreme ranges of temperature and salinity have a detrimental effect on the coverage, density 
and standing crop of seagrass in the North Sound. Significantly higher temperatures in the 
North Sound during the wet season resulted in significantly less turtle grass coverage and 
densities. Although there was significantly more live Thalassia (g/m2) in the wet season in 
both nurseries, there was a greater wet weight of dead Thalassia leaves during these hot 
months in the North Sound, whereas die-back was more pronounced off South Bimini in the 
dry season with significantly greater wet weights of dead Thalassia. Thalassia beds were 
significantly more widespread and dense with a greater standing crop year-round in the more 
favourable environment off South Bimini, and contained a greater diversity and biomass of 
macroalgae. 
Seasonal variation in seagrass productivity has been attributed to seasonal variation in 
temperature, light, salinity and endogenous growth substances (Phillips, 1960; Zieman, 1975; 
Drew, 1978). Within the North Sound maximum temperatures (36 °C) and salinities (49 °/00) 
exceeded the tolerances for turtle grass, probably due to the low tidal flow (see Table 2.1 ), 
resulting in lower productivity than off South Bimini. 
Optimum temperature and salinities for turtle grass are approximately 30 °C (Zieman, 1975) 
and between 25 and 38.5 °100 (Phillips, 1960). Turtle grass is reportedly killed above 35 °C 
(Giynn, 1968) and intolerant of salinities over 45 °/00 for extended periods (Moo re, 1963). 
Shoal grass appeared to cope with the higher temperatures in the North Sound better than 
turtle grass, although growth was still stunted. Shoal grass coverage was greater during the 
warmer wet season in both nurseries, with coverage greatest in the shallows near the 
mangrove fringe. 
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Turtle rass Shoal 
Mean Range Mean 
North Sound dry 7.2 ± 1.2 0-56 3.2 ± 1.2 
North Sound wet 6.5 ± 1.2 0-62 4 .1 ± 2. 1 
South Birnini dry 33.2±3.1 0 -128 2.7 ± 2.2 0 - 170 
South Bimini wet 43.0 ± 3.7 0-114 10.1 ± 5.1 0 - 253 
Table 2.4. Mean (± I S.E.) blade counts of turtle grass Thalassia testudinum and shoal grass 
Halodule beaudettei in the North Sound and South Bimini shark nurseries in the wet season 
(May to October) and the dry season (November to April). Eighty counts were made in each 
location in each season in a 20 x 20 cm quadrat. 
Turtle rass Shoal rass Other 
Live Dead Live Dead algae 
North Sound wet 33.49 33.36 4.46 0.83 99.65 
North Sound dry 2 1.54 19.27 3.56 0.28 132.02 
South Bimini wet 714.2 1 466.43 2.33 0.86 60 1.51 
South Bimini dr~ 649. 12 1188.79 0.00 0.00 608.84 
Table 2.5. Wet weights (glm2) of live and dead turtle grass Thalassia testudinum and shoal 
grass Halodule beaudettei, as well as other macroalgae in the North Sound and South Bimini 
shark nurseries in the wet season (May to October) and the dry season (November to April). 
Estimates were compiled from forty collections of standing crop in 20 x 20 cm quadrats in 
each location in each season. 
37 
2.4 Statistics 
2.4.1 Routine statistics 
Throughout this study normally distributed data have been reported as means (± I standard 
error) with ranges and sample sizes. Data that is heavily skewed was reported as medians with 
interquartile ranges. A variety of parametric tests and non-parametric tests and indices were 
used to test for significance in variations of means, medians or distributions of data. Prior to 
statistical analysis, data were subjected to tests for normal distribution (standardised skewness 
and kurtosis) and variance checks (Cochran's C test and Bartlett's test). Statistical evaluation 
of data was performed using the software package StatGraphics Plus 4.0 (Manugistics Inc, 
Rockville, Maryland, USA) with significance throughout the study at P < 0.05. 
Data that were normally distributed were tested for significance using parametric tests such as 
the student's t-test (e.g. to compare mean prey size in the diet of lemon sharks from the North 
Sound and South Bimini nurseries). Where data were not normally distributed they were log-
transformed (either log10 or log,+l as appropriate) and a parametric test applied. Where data 
could not be normalised the non-parametric Kolmogorov-Smirnov test for distributions was 
used. 
In some cases it was necessary to compare the means of more than two samples, in which 
case an ANOV A was used, or if the data were heteroscedastic even after transformation then 
the non-parametric Kruskal-Wallis test of ranked medians was used. When ANOV As were 
conducted, multiple range tests (Fisher's least significant difference procedure) were used to 
identify homogeneous groups. 
Categorical data (such as species in the diet or prey selection of different species) were 
compared for statistical significance (e.g. with respect to location or season) using non-
parametric contingency table analysis. Despite identification to species level in many cases, 
most analyses were conducted to family level due to the probable inability of the lemon shark 
to identify between species, as well as maximising sample sizes to include data that could not 
be identified to species. 
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2.4.2 Index of relative importance (IRI) 
Dietary and envirorunental species composition was analysed using a variety of indices 
(Pinkas et al., 1971; Hyslop, 1980): percentage of each family present by number (% N), wet 
weight (% W) and frequency of occurrence (% 0, the number of shark stomachs or the 
number of nets an item occurred in) and the index of relative importance (IRI), which 
incorporates all three: 
IRI = % 0 x (% N + % W) (I) 
Dietary items are not independent samples and pooling resource items over all individuals 
results in sacrificial pseudoreplication (Krebs, 1999). As a result percentage number and 
weight were calculated for each individual stomach and averaged over the whole sample. In 
addition, because % 0 is a non-additive index it was recalculated to each taxonomic level 
(Cortes, 1996). The index of relative importance was then expressed as a percentage, 
following Carass6n et al. ( 1992), Barry et al. ( 1996), and Cortes et al. ( 1996): 
n 
%1R11 = 100/R/1 i''[JR11 (2) 
1=1 
2.4.3 Measures of overlap and similarity 
Dietary and/or community overlap were calculated using either the Spearman 's rank 
correlation coefficient (r,), Horn's index of overlap (Horn, 1966; R,), the simplified Morisita 
index (Horn, 1966; CH) or a combination of these. Spearman's rank correlation coefficient 
was used to compare importance of dietary items and prey species with respect to variables 
such as location, season, size classes etc., as well as testing for levels of overlap. Spearrnan's 
rank correlation provides a parametric measure of overlap using % IRI values, with r, values 
ranging from -I to +I (identical). Ro and CH are two of the most commonly used indices 
when resources are expressed as proportions (Krebs, 1999). These indices are quantitative 
measures that are not influenced by the number of food categories because they use the 
relative proportions of each food type rather than assigning ranks (Cortes, 1996). R0 and CH 
vary between 0 (no categories in common) and I (identical categories), with values greater 
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than 0.60 indicating significant overlap (Zaret and Rand, 1971 ). The simplified Morisita index 
is calculated as: 
(3) 
i=l i=l 
where out of a total of S species in both samples, species i is represented x; times in 
population X and y; times in population Y. This simplified version is appropriate when the 
sample sizes X and Y are equal (for example when using percentages such as % IRl) and is 
unaffected by sample size. As an empirical measure, this has an advantage over Morisita's 
original index since its upper limit when samples are identical is exactly I (Horn, 1966), and 
zero when there is no overlap or similarity. The simplified Morisita's index was also used to 
compare the relative importance (IRI) of families in the diet and the environment to elucidate 
the critical areas within the nursery for lemon shark feeding, the first time it has been applied 
to such analysis. 
Horn's index of overlap, CH, is calculated as (notation as before): 
Where: 
and 
-and 
R = H max - Hobs 
0 
Hmax -Hmin 
H ~ x, I X+ Y y, I X+ Y = L,-- og--+-- og--
max •=I X+Y x, X+Y y, 
Hobs = H(X + Y) = :± x, + y, log X+ y 
,.1 X+ Y x, + y, 
Hmin = ____:!__(H(X)]+-y-(H(Y)) 
X +Y X +Y 
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(4) 
(5) 
(6) 
(7) 
I, 
.where 
(8) 
and. 
H(Y) =i·;Y, log .Y 
t=···Y y, 
Specific •de.tails :c()hcerniTig ·statistical! analyses ot: different ,data' llets; such as 'regression: 
anaiysis or prey. selectivity, are presented '~ithin each expeniTient<il chapter. 
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Chapter 3 
Spatial and temporal variation in the diet of nursery-bound juvenile lemon 
sharks, Negaprio11 brevirostris 
Abstract 
This chapter improved on previous quantitative dietary analyses of juvenile lemon sharks by 
using a larger sample size, comparing shark diet from two areas of contrasting productivity 
and by sampling year round to determine seasonal variations in dietary composition. 
Contingency table analysis and indices of dietary overlap and diet breadth were used to detect 
spatial and temporal variations in lemon shark diet. Six hundred and forty two sharks, 
averaging 54.7 ± 0.3 cm (mean± S.E., range 43.5 to 90.0 cm precaudal length PCL) were 
caught at Bimini between March 2000 and March 2003. Stomach contents were obtained 
from 396 sharks (62 %). Juvenile lemon sharks had a narrow diet breadth (B. = 0.08, .r = 
0.46, n = 396) indicating feeding specialisation, with their diet predominantly teleosts (96 % 
index of relative importance, IRI). The main prey families of lemon sharks at Bimini were 
mojarras (69% IRI), parrotfish (5.5 % IRI), barracuda (3.1 % IRI) and snappers (1.2 % IRI). 
Crustaceans were second to teleosts in the diet of juvenile lemon sharks, with the main prey 
families blue crabs (5.1 % I RI) and penaeid shrimps ( 1.4 % IRI). Mojarras were the main prey 
of juvenile lemon sharks in all locations, seasons and shark sizes. The dietary composition of 
lemon sharks was specific to location (i = 65.54, P < 0.0001), but homogeneous with season 
('"i = 17.9 I, P = 0.118), shark size (-l = 64.36, P = 0.057) and shark sex (-l = 13.21, 12 df, P = 
0.354). Larger sharks ate more food and had a narrower diet breadth, possibly due to 
improved hunting ability and/or increased home range and exploited habitats. Variations in 
diet with location were probably due to differing prey populations and environmental 
conditions. High levels of dietary overlap in all sharks indicated no resource partitioning, 
which is probably unnecessary in these highly productive nurseries. Lack of seasonal 
variation in shark diet suggests that lemon sharks may be selective feeders due to seasonal 
fluctuations in prey communities and abundances. 
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3.1 Introduction 
Despite a plethora of information on the diet of juvenile lemon sharks (Springer, 1950; Clark 
and von Schrnidt, 1965; Dahlberg and Heard, 1969; Banner, 1972; Schmidt, 1986; Cortes and 
Gruber 1990) only two quantitative studies have been published to date (Schrnidt, 1986; 
Cortes and Gruber, 1990). However, only Cortes and Gruber ( 1990) have reported dietary 
composition from a reasonable sample size, analysing 78 young and sub-adult specimens 
from the Florida Keys and Bimini, and a further 86 newborn and young from the Florida 
Keys. Lack of estimates of accuracy and the inadequacy of small sample sizes in precisely 
describing dietary composition means a detailed study of the diet of nursery-bound lemon 
sharks is required to confirm the findings reported by Cortes and Gruber (1990). 
Lemon sharks are piscivorous, with teleosts constituting the majority of the diet (Schmidt, 
1986; Cortes and Gruber, 1990). The main prey of juvenile lemon sharks varies with study 
location, with snappers Lutjanidae the most important prey in Bimini (Cortes and Gruber, 
1990) and toadfish Batrachoididae and porgies Sparidae the main dietary items in the Florida 
Keys (Schmidt, 1986; Cortes and Gruber, 1990). Seasonal variations in dietary composition 
have been reported for several species of shark (Cortes et al., 1996; Lyle, 1983; Wailer and 
Baranes, 1994; Laptikhovsky et al., 200 I) but have yet to be confirmed in the lemon shark. 
No difference was found between summer and winter growth in juveniles at Bimini, which 
suggests no seasonal difference in feeding behaviour exists (Man ire and Gruber, 1991 ), but 
further research has not been conducted to confirm this. 
The primary purpose of this chapter was to provide a quantitative description of the diet of 
juvenile lemon sharks from two contrasting nurseries at Bimini. This study aims to improve 
on previous efforts by quantifying lemon shark diet from the analysis of a larger number of 
shark stomachs and with a greater degree of prey identification. Furthermore, for the first 
time, this study investigates seasonal variations in diet, as well as clarifying the effects of 
shark size and sex on dietary composition in the stomachs of nursery-bound juvenile lemon 
sharks. 
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3.2 Materials and Methods 
Shark capture and stomach content collection methods are as described in sections 2.3.1 and 
2.3.2 in Chapter 2. 
3.2.1 Dietary analysis 
Dietary composition, excluding non-dietary items (plants and inorganic material), was 
represented using the index of relative importance expressed as a percentage (% IRI, see 
section 2.4.2 in Chapter 2). 
3.2.2 Statistics 
3.2.2.1 Variation in dietary composition 
Spatial and temporal variations in abundances of prey items in the diet of N. brevirostris were 
analysed using contingency table analysis, with a posteriori tests rerun to identify all sources 
of variability. To avoid small expected frequencies for x2 tests, numbers of prey items were 
pooled into thirteen categories: the ten major prey families (Atherinidae, Batrachoididae, 
Belonidae, Gerreidae, Haemulidae, Lutjanidae, Penaeidae, Portunidae, Scaridae and 
Sphyraenidae), other teleosts, other crustacea and miscellaneous prey items (elasmobranchs, 
polychaete worms and cephalopods). 
3.2.2.2 Dietary overlap 
Dietary overlap was calculated using three methods: Spearman's rank correlation coefficient 
(r,), Horn's (1966) index of overlap (Ro; Krebs, 1999) and the simplified Morisita index (CH; 
Horn, 1966; see section 2.5.3 in Chapter 2). Diet was compared using % !RI of all prey 
families as separate categories for the Spearman's rank and pooled into the same 13 
categories used for analysis of dietary variation for Horn's and Morisita's index. The null 
hypothesis was that the diets of the two compared groups were different; therefore if r, were 
significant, the null hypothesis was rejected, indicating that the diets were similar. 
3.2.2.3 Diet breadth 
Diet breadth was calculated usmg Levin's standardised index (BA; Krebs, 1999) and the 
Shannon-Wiener measure with evenness (J'; Krebs, 1999). Prey types were once again pooled 
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into thirteen categories and % IR1 was used in the calculations. Each index was standardised 
on a scale of 0 to 1, with larger values indicating larger diet breadth. Two indices were used 
as Levin' s gives more weight to the abundant resources used by a species, while Shannon-
Wiener gives more weight to the rare resources (Krebs, 1999). Levin's standardised niche 
breadth is calculated as : 
B-1 
BA =--
n-1 (1) 
where BA is Levin's standardised niche breadth, B is Levin's measure of niche breadth 
(equation 2) and n is the number of possible resource states (prey). Levin's measure of niche 
breadth is calculated as: 
1 
B="\' 2 
~pj 
(2) 
where B is Levin's measure of niche breadth and pj is the proportion of i terns in the diet that 
are of food category j. The Shannon-Weiner (H) measure of diet breadth was calculated 
using equation 3 (annotation the same as above): 
(3) 
The Shannon-Weiner index was standardised (J) on a 0-1 scale by: 
J'=~ 
logn (4) 
where n is the total number of prey types. 
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3.3 Results 
3.3.1 Lemon shark stomach contents 
Six hundred and forty two sharks were caught between March 2000 and March 2003 at 
Bimini, Bahamas, ranging in precaudallength (PCL) from 43.5-90.0 cm (averaging 54.7 ± 0.3 
cm, mean ± S.E.) and from 0.9 to 7.2 kg (averaging 1.8 ± 0.03 kg, mean ± S.E.) in body 
weight. Stomach contents were recovered from 396 sharks (62 % of the sharks caught) from 
two nurseries, North Sound (265) and South Bimini (131). Cumulative prey curves (plotting 
prey types vs. stomachs analysed, Figure 3.1) indicated the diet of juvenile lemon sharks at 
Bimini was adequately described by the sample size in this study. 
A total of 871 items were recovered from lemon shark stomachs, of which 714 were dietary 
items. Lemon sharks were predominantly piscivorous with a narrow diet breath, indicating 
feeding specialisation (B. = 0.08, .F = 0.46, n = 396). The diet of juvenile lemon sharks at 
Bimini was dominated by teleosts in terms of number (66.7 %), weight (94.3 %) and 
occurrence (86.4 %), comprising of at least 37 species from 22 families (see Appendix I, 
Table I). Crustacea constituted 3. 7 % of the diet, with at least 12 species from 7 families (see 
Appendix I, Table 2). Crustacea occurred in 27.7 %of the stomachs examined and were 
second to teleosts in weight (4.1 %) and third most abundant (14.7 %). Plant material was 
second most abundant numerically (16.3 %) and occurred in 27.5% oflemon shark stomachs. 
3.3.1.1 Lemon shark diet- teleosts 
Teleosts dominated the diet of lemon sharks at Bimini, with mojarras (Gerreidae) the most 
important prey (69 % IRJ; Table 3.1 ). Of the 22 families of teleosts identified in the diet of 
juvenile lemon sharks, parrotfish (Scaridae, 5.5 % IRI), barracuda (Sphyraenidae, 3.1 % IRI), 
snappers (Lutjanidae, 1.2 % IRI) and grunts (Haemu/idae, 1.1 % IRI) were the other main 
prey (Table 3.1). Lemon sharks demonstrated a highly plastic mode of foraging by preying 
upon a variety of fish, consuming schooling fish (silversides, Atherinidae; needlefish, 
Belonidae; snappers, grunts and parrotfish), benthic and demersal species (toadfish, 
Batrachoididae; flounders, Bothidae; gobies, Gobiidae; sand eels, Ophichthidae; soles, 
Soleidae and lizardfish, Synodontidae) as well as faster-moving piscivores (jacks, Carangidae 
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Figure 3. I. Cumulative prey curves (number of prey families identified compared with the 
number of stomachs analysed) for nursery-bound, juvenile lemon sharks in two contrasting 
nurseries, the North Sound (Panel A, n = 265) and South Bimini (Panel B, n = 135). 
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Food Item N %N 0 %0 w %W %IRI 
Pisces 588 81.5 341 85.9 6371.5 95.7 96.109 
Teleostei 585 81.5 340 85.6 5865.8 88.1 95.892 
Acanthuridae (Surgeonfishes) 0.1 0.3 39.0 0.6 0.004 
Albulidae (Bonefish) 2 0.5 2 0.5 215.3 3.2 0.046 
Atherinidae (Silversides) 31 4.2 28 7.1 32.8 0.5 0.800 
Balistidae (Triggerfish and filefishes) 17 0.7 6 1.5 31.5 0.5 0.043 
Balrachoididae (Toadfish) 20 2.3 18 4.5 53.4 0.8 0.341 
Be/onidae (Needlefish) 11 1.4 10 2.5 110.6 1.7 0.191 
Bothidae (Lefteye flounders) 0.1 0.3 0.2 0.0 0.001 
Carangidae (Jacks) 7 1.1 7 1.8 34.6 0.5 0.070 
Cyprinodonlidae (Killifish) 4 0.3 3 0.8 1.1 0.0 0.005 
Gerreidae (Mojarras) 163 27.1 141 35.5 3493.0 52.7 69.035 
Gobiidae (Gobies) 6 0.5 6 1.5 13.9 0.2 0.025 
Haemulidae (Grunts) 24 3.2 23 5.8 317.3 4.8 1.132 
Hemiramphidae (Halfbeaks) 2 0.4 2 0.5 9.9 0.1 0.007 
Labridae (Wrasses) 3 0.6 3 0.8 19.8 0.3 0.017 
Luljanidae (Snappers) 25 2.9 23 5.8 354.7 5.3 1.159 
Ophichthidae (Snake eels) 6 1.1 6 1.5 6.5 0.1 0.045 
Pomacenlridae (Damsel fishes) 2 0.3 2 0.5 17.0 0.3 0.007 
Scaridae (Parrotfishes) 85 9.3 59 14.9 400.9 6.0 5.557 
So/eidae (Soles) 0.1 0.3 0.5 0.0 0.001 
Sparidae (Porgies) 2 0.3 2 0.5 0.7 0.0 0.004 
Sphyraenidae (Barracudas) 37 5.5 36 9.1 562.7 8.5 3.098 
Synodonlidae (Lizardfishes) 0.1 0.3 40.9 0.6 0.004 
Unidentified teleosts 123 17.8 101 25.4 83.0 1.3 11.797 
Elasmobranchii 
Dasyalidae (Whiptail stingrays) 3 0.5 3 0.8 505.7 7.6 0.150 
Table 3.1. Summary of the families of teleost fish found in the stomach contents of 396 
juvenile lemon sharks from Bimini, Bahamas. Percentage number (% N), weight (% W) and 
occurrence(% 0) were calculated from the cumulative number (N), weight (Win grams) and 
occurrence (0, number of stomachs an item was found in) and used to calculate index of 
relative importance as a percentage (% IRI). Occurrence values are non-additive and were 
therefore recalculated for each taxonomic level. 
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and barracuda, Sphyraenidae). Unidentified teleosts comprised 11.8 % !RI of the diet, and 
although they were abundant and occurred in 25 % of examined lemon shark stomachs, their 
weight contribution was low because lack of identification was largely due to high levels of 
digestion. Elasmobranchs were an insignificant part of the diet of nursery-bound juvenile 
lemon sharks (0.1 % !RI). 
3.3.1.2 Lemon shark diet- Crustacea, Cephalopoda and Anne/ida 
Swimming crabs were the major crustacean species in the diet of lemon sharks (5.1 % !RI) in 
terms of abundance, occurrence and weight, followed by penaeid shrimps (1.4% !RI, Table 
3.2). Mantis shrimps of the families Pseudosquillidae and Neogonodactylidae were the other 
major dietary crustaceans. Caribbean reef squid (Loliginidae) and southern lugworms 
(Arenicolidae) were also found in lemon shark stomachs, but neither were important dietary 
items. 
3.3.2 Spatial variation in lemon shark diet 
Lemon sharks from the North Sound averaged slightly more dietary items in their stomachs 
( 1.92 ± 0.11, mean± S .E., n = 265) compared to sharks from South Bimini (I. 78 ± 0.12, mean 
± S.E., n = 131), but this was not significant (Mann-Whitney V- test, P = 0. 779). Stomach 
content weight of dietary items was also greater in the North Sound, but again this was not 
significant (Mann-Whitney U-test, P = 0.613). The diet of juvenile lemon sharks in the North 
Sound was comprised of 43 species from 27 families, in comparison to only 31 species from 
26 families off South Bimini. 
Mojarras were the major prey item of lemon sharks both in the North Sound (77 % !RI) and 
South Bimini (58 % !RI, Table 3.3). However, sharks in the North Sound consumed more 
crustaceans, with the other major dietary items swimming crabs (9.3 % IRI), parrotfish (2.4% 
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Food Item N %N 0 %0 w %W %1RI 
Crustacea 130 18.5 108 27.2 275.43 3.97 4.065 
Alphaeidae (Snapping shrimps) 0.1 0.3 1.09 0.0 0.001 
Neogonodactylidae (Mantis shrimps) 5 1.0 5 1.3 2.24 0.0 0.031 
Ocypodidae (Fiddler crabs) 0.1 0.3 1.86 0.0 0.001 
Panurilidae (Lobsters) 0.1 0.3 1.08 0.0 0.001 
Penaeidae (Shrimps) 46 5.6 36 9.1 39.59 0.6 1.360 
Porfllnidae (Swimming crabs) 63 10.3 62 15.6 205.01 3.1 5.086 
Pseudosquillidae (Mantis shrimps) 8 1.1 8 2.0 12.96 0.2 0.064 
Xanthidae (Mud crabs) 3 0.2 3 0.8 11.60 0.2 0.008 
Cephalopoda 
Loliginidae (Inshore squid) 0.1 0.3 0.06 0.0 0.031 
Annelida 
Arenicolidae (Lugworm) 3 0.5 3 0.8 11.31 0.2 0.001 
Table 3.2. Summary of the families of crustacea, cephalopods and polychaete wonns found in 
the stomach contents of 396 juvenile lemon sharks from Bimini, Bahamas. Percentage 
number (% N), weight (% W) and occurrence (% 0) were calculated from the cumulative 
number (N), weight (W in grams) and occurrence (0, number of stomachs an item was found 
in) and used to calculate index of relative importance as a percentage (% IRI). Occurrence 
values are non-additive and were therefore recalculated for each taxonomic level. 
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North South 
Item in lemon shark stomach Sound Bimini 
Teleostei 
Acanthuridae (Surgeonfishes) 0.010 
Albulidae (Bonefish) 0.437 
Atherinidae (Silversides) 0.491 1.730 
Balistidae (Triggerfish and file fishes) 0.051 0.026 
Batrachoididae (Toad fish) 0.183 0.877 
Belonidae (Needlefish) 0.134 0.313 
Bothidae (Lefteye flounders) 0.002 
Carangidae (Jacks) 0.085 0.049 
Cyprinodontidae (Killifish) 0.011 
Gerreidae (Mojarras) 77.302 58.184 
Gobiidae (Gobies) 0.042 0.004 
Haemulidae (Grunts) 0.701 2.484 
Hemiramphidae (Halfbeaks) 0.015 
Labridae (Wrasses) 0.010 0.032 
Luljanidae (Snappers) 0.695 1.297 
Ophichthidae (Snake eels) 0.064 0.017 
Pomacenlridae (Damsel fishes) 0.069 
Scaridae (Parrotfishes) 2.428 16.700 
Soleidae (Soles) 0.008 
Sparidae (Porgies) 0.000 0.016 
Sphyraenidae (Barracudas) 1.776 1.699 
Synodontidae (Lizardfishes) 0.010 
Unidentified teleosts 10.414 15.257 
Elasmobranchii 
Dasyatidae (Whiptail stingrays) 0.355 
Crustacea 
Alphaeidae (Snapping shrimps) 0.009 
Neogonodactylidae (Mantis shrimps) 0.025 0.048 
Ocypodidae (Fiddler crabs) 0.002 
Panurilidae (Lobsters) 0.006 
Penaeidae (Shrimps) 2.307 0.184 
Portunidae (Swimming crabs) 9.279 0.407 
Pseudosquillidae (Mantis shrimps) 0.072 0.050 
Xanthidae (Mud crabs) 0.001 0.042 
Cephalopoda 
Loliginidae (Inshore squid) 0.008 
Annelida 
Arenicolidae (Lugworm) 0.004 0.046 
Table 3.3. Summary of the percentage relative importance of major prey families identified in 
the stomachs of juvenile lemon sharks in two contrasting nurseries: the North Sound (n = 265 
sharks) and South Bimini (n = 131 sharks). Analysis was carried out to family level due to 
lack of identification to species level of all dietary items. Blank cells indicate item not found 
in the diet of juvenile lemon sharks. 
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IRI), penaeid shrimps (2.3 % IRI) and barracuda (1.8 % IRI). In contrast, the diet of lemon 
sharks off South Bimini was almost exclusively piscivorous and comprised of parrotfish ( 16.7 
% IRI), grunts (2.5% IRI), silversides (1.7% !RI), barracuda (1.7% IRI) and snappers (1.3% 
IRI; Table 3.3). Lemon shark dietary composition varied significantly with location <i = 
65.54, 12 df, P < 0.0001; using pooled samples). Lemon sharks in the North Sound consumed 
proportionally more mojarra, swimming crabs, penaeid shrimps and other teleosts than sharks 
off South Bimini. However, lemon sharks off South Bimini consumed proportionally more 
parrotfish than sharks in Nm1h Bimini. When these prey categories were removed, no 
significant difference in dietary composition was found between sharks from the North Sound 
and South Bimini nurseries Ci = 8.15, 8 df, P = 0.419). Despite this difference in dietary 
composition, there was a significant degree of dietary overlap between sharks from the North 
Sound and South Bimini (rs = 0.62, P < 0.00 I; R0 = 0.87; Cu = 0.92). Although juvenile 
lemon sharks preyed upon more species in the North Sound than off South Bimini, values of 
diet breadth were greater off South Bimini (B. = 0.13, .F = 0.51; n = 116) than in the North 
Sound (B.= 0.05, .F = 0.37; n = 257). 
3.3.3 Seasonal variation in lemon sbark diet 
Juvenile lemon sharks from Bimini as a whole (North Sound and South Bimini stomach 
contents combined) had significantly more dietary items in their stomachs in the dry season 
(1.90 ± 0.10, mean± S.E., n = 194) than the wet season (1.85 ± 0.14, mean± S.E., n = 202) 
(Mann-Whitney U-test, P = 0.079). Stomach content weight of dietary items (as percentage 
body weight,% BW) was slightly higher in the wet season (0.90 ± 0.12% BW, mean± S.E., 
n = 202) than the dry season (0.81 ± 0.09 % BW, mean ± S.E., n = 194) but this was not 
significant (Mann-Whitney U-test, P = 0.420). Lemon sharks at Bimini had a higher 
percentage of empty stomachs during the warmer wet season (43 %) than the cooler dry 
season (33 % ), probably due to increased rate of gastric evacuation. 
There was no significant seasonal difference in the dietary composition of nursery bound 
lemon sharks from Bimini as a whole <i = 17.91, 12 df, P = 0.118) and there was a 
significant degree of dietary overlap in the wet and dry seasons (r5 = 0.61, P < 0.00 I; Ro = 
0.96; Cu = 0.99). Lemon sharks were predominantly piscivorous year-round. Mojarras were 
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the main prey both in the dry (65 % IRI) and wet season (70% IRI, Table 4). Parrotfish were 
a more important dietary item in the dry season (6.6% IRI compared to 4.5% IRI in the wet) 
as were swimming crabs (8.8 % IRI dry, 2.2 % IRI wet), whilst silversides were more 
important during the wet season (Table 3.4). Unidentified teleosts were more common in the 
diet in the wet season (15.8 % IRI) than the dry (8.5 % IRI), again probably due to increased 
rate of gastric evacuation at warmer temperatures. Values of diet breadth were slightly greater 
in the dry season (Ba = 0.1 0, .f = 0.50; n = 194) than the wet season (B.= 0.08, .f = 0.44; n = 
202). 
Further in-depth analysis revealed that the dietary composition of lemon sharks did not vary 
significantly between seasons off South Bimini (·l = 19.94, 12 df, P = 0.070) or in the North 
Sound <i = 9.31, 12 df, P = 0.676). However, the seasonal variation in diet of lemon sharks 
off South Bimini was significant at the 90 % confidence level, but further analysis identified 
the variation found to be due to an increase in the number of other teleosts (mainly 
unidentified teleosts) consumed in the wet season. Seasonal values of dietary overlap were 
greater within each nursery (North Sound: r, = 0.62, P < 0.001;!?., = 0.95; CH= 0.97; South 
Bimini: r, = 0.67, P < 0.001; Ro = 0.91; CH= 0.90) than when the data were combined (see 
above). 
Dietary composition was significantly different in lemon sharks from the North Sound and 
South Bimini nurseries in both the wet <i = 32.27, 12 df, P = 0.001) and dry seasons <i = 
42.77, 12 df, P < 0.001). In both seasons juvenile lemon sharks consumed significantly more 
swimming crabs and penaeid shrimps in the North Sound than off South Bimini, as well as 
significantly more mojarras in the North Sound during the wet season. 
3.3.4 Ontogenetic variation in lemon sbark diet 
Juvenile lemon sharks at Bimini exhibited an ontogenetic variation in dietary composition, the 
number of items in the stomachs and the stomach content weight. Stomach content data were 
combined from the North Sound and South Bimini nurseries due to small sample sizes. 
Contingency table analysis indicated a significant variation in dietary composition with shark 
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Table 3.4. Summary of the percentage relative importance of major prey families identified in 
the stomachs of juvenile lemon sharks in the dry season (November to April, n = 194 sharks) 
and in the wet season (May to October, n = 202 sharks). Analysis was carried out to family 
level due to lack of identification to species level of all dietary items. Blank cells indicate item 
not found in the diet of juvenile lemon sharks. 
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Dry Wet 
Item in lemon shark stomach Season Season 
Teleostei 
Acanthuridae (Surgeonfishes) 0.017 
Albulidae (Bonefish) 0.182 
Atherinidae (Silversides) 0.477 1.224 
Balistidae (Triggerfish and filefishes) 0.010 0.095 
Batrachoididae (Toadfish) 0.410 0.269 
Belonidae (Needlefish) 0.190 0.191 
Bothidae (Lefteye flounders) 0.031 0.004 
Carangidae (Jacks) 0.018 0.122 
Cyprinodontidae (Killifish) 
Gerreidae (Mojarras) 65.478 69.741 
Gobiidae (Gobies) 0.093 
Haemulidae (Grunts) 1.703 0.647 
Hemiramphidae (Haltbeaks) 0.007 0.006 
Lab1idae (Wrasses) 0.063 
Lutjanidae (Snappers) 1.122 1.174 
Ophichthidae (Snake eels) 0.043 0.046 
Pomacentridae (Damsel fishes) 0.027 
Scaridae (Parrotfishes) 6.581 4.539 
Soleidae (Soles) 0.002 
Sparidae (Porgies) 0.013 
Sphyraenidae (Barracudas) 5.031 1.567 
Synodontidae (Lizardfishes) 0.017 
Unidentified teleosts 8.455 15.829 
Elasmobranchii 
Dasyatidae (Whiptail stingrays) 0.598 
Crustacea 
Alphaeidae (Snapping shrimps) 0.003 
Neogonodactylidae (Mantis shrimps) 0.006 0.080 
Ocypodidae (Fiddler crabs) 0.003 
Panurilidae (Lobsters) 0.003 
Penaeidae (Shrimps) 1.138 1.591 
Portunidae (Swimming crabs) 8.752 2.220 
Pseudosquillidae (Mantis shrimps) 0.086 0.043 
Xanthidae (Mud crabs) 0.017 0.002 
Cephalopoda 
Loliginidae (Inshore squid) 0.025 0.004 
Annelida 
Arenicolidae (Lugworm) 0.004 
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Figure 3.2. Variation in the mean number of dietary items (• ) and mean stomach content 
weight (percent body weight,% BW, .A. ) in juvenile lemon sharks of different sizes at Bimini, 
Bahamas. Sample sizes are in parentheses. Error bars are ± I S.E. Variation in the median 
number of dietary items in lemon shark stomachs was significant (Kruskal-Wall is test, P = 
0.006), with lemon sharks between 60.1 and 65.0 cm PCL, and lemon sharks less than 50.0 
cm PCL having significantly less dietary items (see Table 3.5). Ontogenetic variation in 
stomach content weight was significant (Kruskal-Wall is test, P = 0.0 17). Median stomach 
content weight was significantly less in lemon sharks < 50.0 cm PCL and significantly greater 
in lemon sharks > 65.1 cm PCL, than all other shark sizes (see Table 3.5). 
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size (X2 = 64.36, 48 df, P = 0.057), but further analysis revealed that the only source of 
variability came from sharks between 50.1 and 55.0 cm PCL, which had a higher proportion 
of parrotfish in their diet. When parrotfish were removed from the analysis, results were not 
significant (x2 = 51.63, 40 df, P = 0.1 03). All sizes of nursery-bound juvenile lemon sharks 
demonstrated a significant degree of dietary overlap, with the greatest overlap between sharks 
of similar sizes, whilst lowest between the smallest and largest sharks (Table 6). 
Kruskal- Wall is tests indicated a significant difference in the number of dietary items in the 
stomachs of lemon sharks of different sizes (P = 0.006, Figure 3.2). Lemon sharks between 
50.1 and 60.0 cm PCL had significantly more dietary items than sharks less than 50.0 cm PCL 
or between 60.1 and 65.0 cm PCL (Figure I, Table 3.5). Lemon sharks between 60.1 and 65.0 
cm PCL also had significantly less dietary items in their stomachs than larger lemon sharks 
(Figure 3.2, Table 3.5). 
Lemon shark stomach content weight varied significantly with shark precaudal length 
(Kruskai-Wallis test, P = 0.017). Stomach content weight(% BW) increased with increasing 
shark PCL, from 0.70% BW for sharks< 50 cm PCL to 1.56 %BW for sharks> 65 cm PCL 
(Figure 3.2, Table 3.5). Mann-Whitney U-tests indicated the smallest juveniles (< 50 cm 
PCL) to have significantly less stomach content weight(% BW) than all sharks larger than 
them except sharks 60.1 to 65.0 PCL (Figure 3.2, Table 3.5). 
Diet breadth was greatest in the smallest sharks (Ba = 0.16, .F = 0.56; n = 79) and rapidly 
decreased in sharks between 55.1 and 60.0 cm PCL (Ba = 0.05, .F = 0.36; n = 67). Diet 
breadth then gradually increased with shark precaudal length in sharks larger than 60 cm PCL, 
but was still much less than the smallest sharks, even in sharks larger than 65.1 cm PCL (B.= 
0.07, .F = 0.42; n = 27). 
3.3.5 Variation in lemon shark diet with shark sex 
Lemon shark diet at Bimini was homogeneous with respect to shark sex. Chi2 analysis 
revealed that the proportions of different prey in the diet of juvenile lemon sharks did not vary 
significantly between male and female sharks (X2 = 13.21, 12 df, P = 0.354), with both sexes 
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Number of Stomach 
dietary items content weight 
Shark size classes compared Us P value Us P value 
<50 (79) 50.1-55.0 ( 176) 7369.0 0.037* 7934.0 0.003** 
<50 (79) 55.1-60.0 (67) 3022.5 0.018* 3132.0 0.011* 
<50 (79) 60.1-65.0 (47) 1567.0 0.334 2019.5 0.097 
<50 (79) I >65.1 (27) 1219.5 0.090 1349.0 0.016* 
50.1-55.0 (176) 55.1-60.0 (67) 5799.0 0.606 5589.0 0.980 
50.1-55.0 (176) 60.1-65.0 (47) 2871.5 0.004** 3560.0 0.512 
50.1-55.0 (176) I >65.1 (27) 2346.0 0.798 2608.0 0.234 
55.1-60.0 (67) I 60.1-65.0 (47) 1021.0 0.002** 1384.0 0.546 
55.1-60.0 (67) I >65.1 (27) 876.0 0.894 1010.0 0.316 
60.1-65.0 (47) >65.1 (27) 784.5 0.015* 726.0 0.170 
Table 3.5. Results of Mann-Whitney U-tests comparing number of dietary items and stomach 
content weights (expressed as% BW) of different sized juvenile lemon sharks from Bimini, 
Bahamas. All size classes are precaudal lengths in centimetres. Sample sizes are given in 
parentheses. Significant P values of the Mann- Whitney statistic (Us) are denoted by: * P < 
0.05, ** p < 0.0 I. 
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Indices of dietary 
overlap 
Shark size classes compared R. Cu r, 
<50.0 (79) I 50.1-55.0 (176) 0.96 0.94 0.71 
<50.0 (79) I 55.1-60.0 (67) 0.91 0.88 0.63 
<50.0 (79) 60.1-65.0 (47) 0.87 0.88 0.66 
<50.0 (79) >65.1 (27) 0.88 0.90 0.62 
50.1-55.0 ( 176) I 55.1-60.0 (67) 0.96 0.98 0.70 
50.1-55.0 ( 176) I 60.1-65.0 (47) 0.94 0.98 0.76 
50.1-55.0 ( 176) I >65.1 (27) 0.94 0.99 0.62 
55.1-60.0 (67) I 60.1-65.0 (47) 0.94 0.99 0.72 
55.1-60.0 (67) I >65.1 (27) 0.94 0.99 0.75 
60.1-65.0 (47) I >65.1 (27) 0.91 0.99 0.62 
Table 3.6. Values of diet overlap in different sized juvenile lemon sharks (precaudal lengths, 
in cm) obtained with Horn's index of overlap (R0 ), the simplified Morisita's index of overlap 
(CH) and the Spearman rank correlation coefficient (r5). Values were calculated from the % 
IRI (index of relative importance expressed as a percent) of thirteen pooled categories in 
stomach contents of Negaprion brevirostris from Bimini, Bahamas. Sample sizes are given in 
parentheses. All values of rs were significant (P < 0.00 I). 
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exhibiting a high degree of dietary overlap (rs = 0.86, P < 0.001; Ro = 0.98; CH= 0.99). There 
was no significant difference in the number of dietary items consumed by male ( 1.95 ± 0.12, 
mean± S.E., n = 202) or female (1.79 ± 0.11, mean± S.E., n = 194) juvenile lemon sharks 
(Mann Whitney U-test, P = 0.210), nor was there any significant variation in stomach content 
weight (% B W, M ann-Whitney V- test, P = 0.835) between male sharks (0.84 ± 0.11 % B W, 
mean± S.E., n = 202) and female sharks (0.87 ± 0.10% BW, mean± S.E., n = 194). Diet 
breadth was almost identical in male (88 = 0.08, .F = 0.43; n = 188) and female juvenile 
lemon sharks (B.= 0.07, J' = 0.43; n = 184). 
3.4 Discussion 
3.4.1 Lemon shark diet 
The three hundred and ninety-six lemon shark stomachs analysed in this study enabled the 
identification of 51 prey species from 31 families, making this the largest and most detailed 
description of juvenile lemon shark diet to date. Cumulative prey curves confirmed the 
suitability of this sample size in accurately describing the diet of juvenile lemon sharks 
although more sampling may be beneficial in the South Bimini nursery. The apparent 
levelling off at 130 stomachs in the North Sound and 110 off South Bimini may have been in 
part due to improved identification skills later in the study. The high level of identification in 
this study was achieved by use of a skeleton reference collection compiled from potential prey 
species inhabiting the shallows around Bimini. Although resampling individual sharks 
resulted in pseudoreplication (Figure 3.3), this was more acceptable than killing the animals, a 
choice that is often made when studying the diet of sharks (Cortes and Gruber, 1990; Cortes et 
al., 1996; Haeseker and Cech, 1993; Bush and Holland, 2002). 
Juvenile lemon sharks at Bimini were predominantly piscivorous with teleosts constituting 
96% of the diet. However, this value isn't immediately comparable with earlier studies, as 
Cm1es and Gruber's ( 1990) estimate was based on a different calculation of the index of 
relative importance(% N +% W +% 0), and Schmidt's (1986) value of relative·importance 
was not expressed as a percentage. Recalculation of the index of relative importance in these 
earlier studies revealed the current estimate of importance of teleosts in the diet of juvenile 
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Figure 3.3. Frequency histogram of the number of individual sharks resampled for stomach 
contents (clear portion of bar: sharks from the North Sound, shaded portion: sharks from 
South Bimini). 642 stomach contents were collected from only 238 individual sharks. Number 
of times sampled refers to the number of times stomach contents were collected from an 
individual shark, for example: 30 individual sharks were sampled three times ( 13 % of all 
sharks: 90/238), of which 9 of these were caught off South Bimini, and 21 in the North 
Sound. 
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lemon sharks to be similar to previous studies (91 % teleosts, Schmidt, 1986; 97 % teleosts, 
Cm1es and Gruber, 1990). 
Yellowfin mojan·a (Gerres cinereus) were the main dietary item of nursery-bound lemon 
sharks at Bimini regardless of location, season, shark size or shark sex. Juvenile lemon sharks 
consumed a wide variety of prey, but the main prey were generally schooling or slow-moving, 
easily captured teleosts. Lemon sharks, along with many other species of shark, have been 
qualitatively described as opportunistic feeders, with the dominant prey usually the most 
abundant in the environment (Schmidt, 1986; Cortes and Gruber, 1990; Wetherbee el al., 
1990). Snappers and grunts were not as important in the diet as their abundance in the 
environment would have suggested, probably because of their tendency to spend most of the 
time within the mangroves, making them difficult to capture despite forays by juvenile sharks 
into the prop roots (Morrissey and Gruber, 1993a). A small proportion of the diet comprised 
of faster-moving pelagic species (e.g. jacks, Carangidae, 0.1 % IRI), however only juvenile 
jacks utilising the seagrass beds as a nursery were consumed, rather than faster transient 
adults that are harder to catch. 
Crustaceans were second to teleosts in importance in the diet of juvenile lemon sharks at 
Bimini, with the blue crab Callinecles sp. the dominant crustacean prey (5.1 % IRI), followed 
by the commercially important pink shrimp Penaeus duorarum. This finding agrees with 
earlier studies on the diet of juvenile lemon sharks (Springer, 1950; Schmidt, 1986; Cortes 
and Gruber, 1990). However, spatial analysis of the diet revealed that the importance of 
swimming crabs as prey in the Not1h Sound (9.3 % IRI) was the principal reason for their 
overall importance in the diet oflemon sharks from Bimini. 
Unlike many studies of shark diet, this study excluded non-dietary items from the calculation 
of relative importance as well as expressing index of relative importance values as 
percentages, providing a better comparison of the importance of different prey. Large 
amounts of non-dietary items such as plant material, gastropod shells and inorganic matter 
(e.g. sand and stones) were accidentally ingested while foraging. Despite the high caloric 
content of turtle grass (4.470 Kcal/g-1 dry weight; Cummings and Waycheck, 1971) it does 
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not provide the shark with any energy, with elasmobranchs lacking an efficient mechanism 
for the maceration of plant material and appearing to lack the digestive enzymes necessary to 
break it down (Fiinge and Grove, 1979). The occurrence of such items in the stomachs of 
lemon sharks demonstrates their propensity to feed on or near the bottom, agreeing with 
earlier studies (Schmidt, 1986; Cartes and Gruber, 1990; Wetherbee et al., 1990). Burrowing 
prey, such as mantis shrimps (Stomatopoda), sand eels (Ophichthidae) and lugworms 
(Arenicolidae), were also part of the diet of juvenile lemon sharks. Juvenile lemon sharks 
spend most of their time swimming close to the substrate and due to their advanced detection 
senses, burrowing prey were probably consumed opportunistically. 
Elasmobranchs have been found in the diet of large, adult lemon sharks (Dahlberg and Heard, 
1969; Snelson and Williams, 1981; Compagno, 1984; Cartes and Gruber, 1990) and other 
large shark species (Lowe et al., 1996; Simpfendorfer et al., 200 I a), but were rarely 
consumed by juvenile lemon sharks at Bimini (0.15 % !RI). This value is much lower than 
that reported by Cartes and Gruber ( 1990). The only elasmobranch identified in the diet of 
juvenile lemon sharks at Bimini was a southern stingray (Da~yatis americanus) found in three 
shark stomachs from the North Sound, which were all caught within one hour of each other. 
Cooperative feeding has been hypothesised in sharks, but is yet to be conclusively 
demonstrated (Kiimley et al., 200 I; Motta and Wilga, 200 I). Lemon sharks, along with tiger 
sharks (Galeocerdo cuvier) and oceanic whitetips (Carcharhinus longimanus) are chiefly 
responsible for the reputation of sharks as scavengers (Springer, 1967). Juvenile lemon sharks 
are probably too small to successfully prey upon elasmobranchs due to their large size relative 
to the teleosts in the nursery. Considering the simultaneous occurrence of stingray in the 
stomachs of three juveniles, it is therefore likely that this is an example of scavenging and that 
a shark feeding on a large meal such as a stingray would attract nearby individuals looking to 
exploit the kill. However, !Tom the data available it was not possible to tell if the ray was dead 
before the juveniles fed on it. 
3.4.2 Spatial variation in lemon shark diet 
Lemon shark diet varied significantly between the North Sound and South Bimini. Dietary 
composition of sharks has been demonstrated to vary with respect to capture location in 
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scalloped hammerheads (Sphyrna lewini, Clarke, 1971 ), lesser-spotted dogfish (Scyliorhinus 
canicula, Lyle, 1983), soupfin sharks (Galeorhinus galeus, Olsen, 1954), spiny dogfish 
(Squalus acanthias, Bowman, 1986), mako sharks (Stillwell and Kohler, 1982) and thresher 
sharks (Alopius vulpinus, Preti et al., 2001). The most important prey of lemon sharks has 
previously been documented as snappers in Bimini (Cortes and Gruber, 1990) and toadfish 
and porgies in the Florida Keys (Schmidt, 1986; Cortes and Gruber, 1990), whilst mojarra 
were the most important prey in the current study. Differences in diet between the current 
study sites as well as previous studies are most likely due to differences in prey communities, 
with spatial variations usually attributed to the opportunistic feeding of sharks (Wetherbee et 
al., 1990). The importance of blue crabs in the diet of juvenile lemon sharks was found to be 
due to the high occurrence of blue crabs in the diet oflemon sharks in the North Sound, whilst 
the main dietary difference between sharks from the North Sound and South Bimini nurseries 
was attributed to the high occurrence of parrotfish in the diet of lemon sharks off South 
Bimini. Spatial variations probably reflect the abundance of prey in the environment. This 
further demonstrates the importance of quantifying shark diet specific to location as well as 
with respect to prey populations. Extensive sampling has been conducted within the North 
Sound and off South Bimini to elucidate the effects of prey populations on diet and prey 
selectivity (see Chapters 4 and 7). 
The North Sound is a highly enclosed nursery, where extreme fluctuations in temperature and 
salinity are probably the principal cause of low somatic growth in juvenile lemon sharks 
(Barker et al., in press). These harsh environmental conditions are also probably the reason 
for the more diverse diet of lemon sharks in the North Sound, whereas in the more salubrious 
environment off South Bimini lemon shark diet indicates a greater degree of selection. Diet 
breadth was marginally greater off South Bimini, probably due to the greater diversity of 
prey, but because of the nature of the indices used, there is no way to determine the 
significance of this increase. 
3.4.3 Seasonal variation in lemon shark diet 
This is the first time that seasonal variations in the diet of juvenile lemon sharks have been 
reported, with juvenile lemon sharks exhibiting no significant variation in dietary composition 
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and a high degree of dietary overlap between the wet and dry seasons in both shark nurseries. 
Most of the seasonal differences in lemon shark stomach contents reported in this study can 
be attributed to an increase in ambient temperature. Increased temperatures resulted in a 
higher percentage of empty stomachs, and a decrease in dietary items in lemon shark 
stomachs. This was probably due to an increase in digestion rates at higher temperatures 
resulting in a decrease in identification of dietary items. 
Seasonal variations in dietary composition have been observed in other species of shark. 
Lesser-spotted dogfish had a peak in consumption and composition during the warmer 
summer in Isle of Man waters, which was attributed in part to increased prey availability 
(Lyle, 1983). In contrast, bonnethead sharks Sphyrna tiburo, demonstrated seasonal variation 
in the weight of stomach contents, which were significantly greater during the winter months 
(Cortes et al., 1996). It was hypothesised that this could be due to either a slower gastric 
evacuation rate in the winter, or as a function of the small sample size (Cortes et al., 1996). It 
has been hypothesised that a lack of seasonal variation in the dietary composition of juvenile 
sharks could be due to prey limitation within the nursery (Wetherbee et al., 1990). However, 
despite contrasting observations and opinions in the literature, the lack of seasonal variation in 
lemon shark diet indicates that these sharks are probably selecting prey, as dietary 
composition remains relatively constant despite seasonally fluctuating prey populations (see 
Chapter 4). 
3.4.4 Ontogenetic variation in lemon shark diet 
The results revealed an ontogenetic change in the diet of nursery-bound lemon sharks, 
agreeing with the findings of Cortes and Gruber ( 1990). Both studies demonstrate an increase 
in importance of elasmobranchs in the diet of larger lemon sharks, although as mentioned 
earlier, the importance of elasmobranchs in the diet of lemon sharks in this study is 
questionable. The results presented here indicate larger juvenile lemon sharks probably 
consume larger prey, as demonstrated by the significant increase in stomach content weight 
(as% BW) combined with a decrease in the number of dietary items in their stomachs. The 
increase in stomach content weight (% B W) in larger juvenile lemon sharks agrees with the 
findings of Cortes et al. ( 1996) in bonnethead sharks. This trend could be due to a slowing 
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down of digestion in larger sharks (Ricker, 1946; Fiinge and Grove, 1979) and/or increased 
difficulty digesting larger prey (Jobling, 1987). Dietary overlap decreased with increasing 
difference in shark length, indicating a gradual dietary shift, and although diet breadth initially 
decreased (probably as a result of learning), it increased overall with shark length. The large 
diet breadth of very small juvenile lemon sharks probably reflects the more opportunistic 
feeding nature of relatively inexperienced juveniles with a large appetite (Wetherbee et al., 
1990). Overall, these trends probably reflect the increase in hunting ability, swimming speeds 
and home range of larger juvenile lemon sharks. This results in an increase in the ability of 
larger sharks to catch larger, faster moving prey, as well as increasing the diversity of prey 
encountered by sharks with a larger home range. 
Ontogenetic dietary shifts are common in a wide variety of shark species, with larger sharks 
usually consuming larger prey, or dietary composition varying due to differences in prey 
encountered as sharks leave their nursery areas (Oisen, 1954; Springer, 1960; Talent, 1976; 
Stillwell and Kohler, 1982; Tricas & McCosker, 1984; Klimley, 1985; Medved et al., 1985 
and Lowe et al., 1996). All sizes of nursery-bound lemon sharks possessed a significant 
degree of dietary overlap, indicating lack of partitioning of diet within the nursery, resulting 
in sharks of all sizes competing for the same prey. However, mangroves and seagrass beds are 
areas of high biodiversity (Thayer et al., 1987; Robertson and Duke, 1987, 1990; Nagelkerken 
et al., 2000 b; see also Chapter 4), so prey are probably not limiting and competition not 
important within the shark nurseries at Bimini. Consequently, high levels ofneonate mortality 
(Man ire and Gruber, 1993; Hoenig and Gruber, 1990; Gruber et al., 200 I) may be due to 
predation or lack of hunting ability resulting in starvation. 
3.4.5 Conclusion 
The dietary analysis presented here is the most detailed and accurate description of lemon 
shark diet to date and represents the first evaluation of seasonal variations in the diet of 
juvenile lemon sharks. Lemon shark diet was specific to location and exhibited an ontogenetic 
shift but was homogeneous with respect to season and sex. All nursery-bound juvenile lemon 
sharks at Bimini were piscivorous, with yellowfin mojarra (Gerres cinereus: Gerreidae) the 
main dietary item irrespective of location, season, shark sex or shark size. High levels of 
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dietary overlap indicated a uniform diet of lemon sharks of all sizes, sexes and in different 
locations and seasons, although in highly productive nurseries food is probably not limiting 
and competition not important. Diet breadth indicated that lemon sharks are specialised 
piscivores that probably begin to learn to identii)' their prey within the first two years of life. 
With increasing shark size and subsequently increased home range, lemon shark diet broadens 
probably due to an increase or change in prey species encountered. The diet of juvenile lemon 
sharks reflects the environmental conditions as well as biological diversity and abundance 
within the nursery, demonstrating that a quantitative comparison of diet requires detailed 
descriptions of biotic and abiotic components of an organism's habitat. 
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Chapter4 
Spatial and temporal variation in fish and macroinvertebrate communities 
Abstract 
Mangrove and seagrass fauna! communities were sampled with the a1m of estimating 
abundances within the environment for the determination of prey selection in juvenile lemon 
sharks. Multiple sampling techniques enabled the quantification and comparison of organisms 
in an area of high primary productivity (South Bimini) and an area of low primary 
productivity (North Sound). Between March 2000 and March 2003 216, ISO fish and 
macroinvertebrates; representing 128 species of fish, 40 species of crustacean, 6 species of 
elasmobranch and one species of cephalopod, were collected by blocknets, seines, trawls and 
gillnets. Cluster-analysis revealed distinct mangrove and seagrass communities, with species 
diversity and catch biomass greatest in the area of high primary productivity, and significantly 
greater in the mangroves than over seagrass (Kruskal-Wall is test, P < 0.05). Catches in the 
North Sound were typified by mojarras, swimming crabs and needlefish, whilst off South 
Bimini mojarras, gobies, parrotfish, snappers and grunts were commonly caught. Morisita's 
index indicated a greater degree of homogeneity in North Sound communities than off South 
Bimini. Size distributions of organisms were significantly different spatially (Kolmogorov-
Smirnov test, P < 0.00 l) and temporally (Kolmogorov-Smirnov test, P < 0.00 I) probably due 
to the high abundances of small schooling species such as herrings and silversides. These 
results indicate that the North Sound is atypical, with lower catch diversity and biomass than 
reported in the literature, probably due to extreme temperatures during the summer. This 
study also reinforces the importance of mangroves and their need for protection in the 
Bahamas. 
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4.1 Introduction 
Mangroves and seagrass beds have long been recognised as important habitats for fishes 
(Austin, 1971; Yanez-Arancibia et al., 1980; Odum et al., 1982; Thayer et al., 1987; Bell et 
al., 1984; Nagelkerken et al., 2000a), containing a high diversity of juvenile estuarine and 
coral reef fish. Mangroves and seagrass beds are important habitats due to the structural 
complexity, food, shelter, and the protection from predators that they provide (Odum and 
Heald, 1972; Ogden and Zieman, 1977; Bell et al., 1984; Blaber et al., 1985; Arrivillaga and 
Baltz, 1999; Nagelkerken et al., 2000a). 
Seagrass beds are among the most productive of marine ecosystems, supporting highly 
diverse fish and macroinvertebrate communities in both temperate and tropical seas. Seagrass 
beds provide important nursery and feeding grounds for coral reef fishes (Robblee and 
Zieman, 1984, Arrivillaga and Baltz, 1999), reef-associated predators (Weinstein and Heck, 
1979) and commercially important finfish (Laegdsgaard and Johnson, 1995; Gray et al., 1998; 
Arrivillaga and Baltz, 1999; Nagelkerken et al., 2000a). Mangroves are also essential for the 
growth and development of many marine fishes (Baelde, 1990; Rooker and Dennis, 1991) and 
there is a high dependence of juveniles on mangroves as nursery areas (Nagelkerken et al., 
2000a). 
Mangrove fish populations have been sampled and described, but a large proportion of the 
work conducted to date has been qualitative or limited to semi-quantitative visual surveys due 
to the difficulties with quantitatively sampling the prop root habitat. Recent work has 
identified distinct differences in mangrove and seagrass fish populations, in terms of species 
composition, numbers and biomass (Robertson and Duke, 1987; Baelde, 1990; Nagelkerken 
et al., 2000a). In comparative studies, mangrove communities usually support a greater 
diversity and biomass of species, and have been demonstrated to influence adjacent seagrass 
areas by an extension of their nursery area for fin fish (Baelde, 1990). 
Faunal communities of the Great Bahama Bank and the Bimini area have previously been 
described by Pearse ( 1950), Ne well and lmbrie ( 1955), Newell et al. (1959), Voss and Voss 
(1960), Smith et al., ( 1981) and Bohlke and Chaplin ( 1968, 1993). However, only one recent 
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study has investigated mangrove and seagrass communities in the Bahamas (Layman and 
Silliman, 2002). Despite worldwide evidence indicating the importance of mangroves, they 
are still unprotected in the Bahamas and the lack of quantitative data on their faunal 
communities means their role and importance in the life cycle of many marine organisms in 
Bahamian waters is not yet fully appreciated. The continual destruction of mangroves by 
anthropogenic activities could seriously impact commercially important fish stocks and the 
diversity and restocking of coral reefs. 
The primary aim of this study was to quantify accurately the abundances of species in the 
environment to enable the determination of prey selection in nursery-bound juvenile lemon 
sharks. In addition, the quantitative sampling of these habitats also enables the identification 
of the impmtance of these areas as nurseries, as well as a comparison of spatial and temporal 
variations in mangrove and seagrass community composition, species diversity and densities 
between areas of high and low productivity. 
4.2 Materials and methods 
4.2.1 Study area 
Mangrove and seagrass faunal communities were sampled in the North Sound and South 
Bimini shark nurseries between 09:00 and 18:00 from March 2000 to March 2003, around the 
islands of Bimini, Bahamas. For descriptions of the environmental conditions and seagrass 
coverage, blade densities and standing crop within each nursery, see Chapter 2. 
4.2.2 Collection techniques 
A combination of blocknets, seme nets, trawls and gillnets were used to sample faunal 
communities (see Chapter 2 for methodology). Locations of each sampling event were 
triangulated with a rangefinder (DME Rangefinder, Laseroptronix AB) using prepositioned 
marker poles and the mangrove fringe, as well as with a WAAS GPS (Garmin, GPS 72) 
enabling spatial analysis of catch over near shore habitats. 
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4.2.3 Statistics 
4.2.3. 1 Data preparation and transformation 
For the determination of prey selection (Chapter 7) species in the environment will have to be 
grouped by family to maximise the useable dietary data. Therefore, due to the large number of 
species identified and because the lemon shark is unlikely to distinguish between individual 
species, analyses within this chapter were conducted using abundance and biomasses of fish 
and invertebrate species pooled by families. To analyse spatial variation across mangroves 
and near shore habitats, seagrass catches were divided up into three habitat categories with 
respect to distance from the mangrove fringe: 0- 50 m, 50- I 00 m and I 00 - 200 m. All near 
shore habitats will be referred to as "seagrass" despite seagrass coverage being patchy and 
variable in density. Because of variability in catch efficiencies and selectivity of the different 
gear used, biomass data was converted to densities for seine, trawl and blocknet samples and 
converted to catch rates (g m· 1 h" 1) for gillnets. Because seine and trawls targeted different 
aspects of the fauna! communities outside the mangroves, densities were summed prior to 
analysis. 
4.2.3.2 Analysis of community composition 
Species compositions of fauna! communities were compared usmg index of relative 
importance values calculated for each family (!Rl; see Chapter 2, section 2.4.2), using number 
and weight expressed as densities to account for area sampled and number of nets hauled. 
This index is usually used in dietary studies and this is the first time that it has been used to 
analyse fauna! communities. Cluster analysis (unweighted paired group mean averages and 
squared Euclidean distances) was used to compare species composition (% IRI) with respect 
to location, habitat and season. Overlap in fauna! communities was compared using 
Spearman's rank correlations and the simplified Morisita's Index (see Chapter 2, section 
2.4.3). 
4.2.3.3 Analysis of catch diversity and biomass 
In addition to community composition, each habitat was further characterised by catch 
biomass and the number of species caught per sample. These were compared spatially 
between mangroves and seagrass habitats using the Kruskal-Wallis test. Mean biomass and 
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species per catch were compared between the North Sound and South Bimini shark nurseries 
or between wet and dry seasons within each nursery using the Student's t-test. Where data 
were skewed and could not be transformed (using log 10(x+ I)), spatial and temporal 
comparisons were made using the non-parametric Kolmogorov-Smirnov test. 
4. 2. 3. 4 Analysis of size distributions 
Organisms captured in the environment were measured to enable the estimation of prey size 
selection of juvenile lemon sharks (Chapter 7). In this chapter the sizes of prey (total length in 
fish and shrimps, carapace width in crabs and dorsal disc width in stingrays, all in 
centimetres) were pooled by location (North Sound or South Bimini) and season (wet season: 
May to October; dry season: November to April) to enable spatial and temporal comparisons. 
Size distributions of organisms were compared between each nursery in both seasons, and 
then seasonally within each nursery, using the Kolmogorov-Smirnov test. Juvenile lemon 
sharks caught during this community analysis were excluded as no evidence of cannibalism 
was found in nursery-bound juvenile lemon sharks (see Chapter 3). 
4.3 Results 
4.3.1 Total catch summary, all sites 
A total of 216,150 fish and macroinvertebrates, weighing 2.2 tonnes, were captured and 
identified from the mangroves and fringing seagrass beds at Bimini using blocknets, seines 
and trawls. These catches consisted of 128 species of fish ffom 49 families, 40 species of 
crustaceans from 17 families, six species of elasmobranch from four families, and one species 
of cephalopod. For complete species lists, including abundance, biomass and occurrence, see 
Appendices 2, 3 and 4. 
4.3.2 Mangrove communities 
Twenty-four blocknets enclosing 11,751 m2 were lifted in the North Sound and nineteen lifted 
off South Bimini, enclosing an area of 8494 m2, providing a detailed description of faunal 
communities. Mangrove communities in the North Sound consisted of 19 species of teleosts 
from 11 families and 11 species of crustaceans from five families (see Appendix 2). South 
Bimini mangrove communities comprised of 45 species of teleosts from 20 families and 26 
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species of crustaceans from 13 families (see Appendix 2). In the North Sound mojarras 
(Gerreidae), swimming crabs (Portunidae), needlefish (Belonidae), killifish 
(Cyprinodontidae), silversides (Atherinidae) and mud crabs (Xanthidae) accounted for 97 % 
of all organisms captured within the mangroves (Table 4.1 ); whilst mojarras, silversides, 
grunts (Haemulidae), snappers (Lutjanidae), gobies (Gobiidae) and parrotfish (Scaridae) 
accounted for 96 % of the mangrove faunal community off South Bimini (Table 4.1). 
Crustaceans comprised 22% of the mangrove community in the North Sound in comparison 
to only 2-3 % off South Bimini. Mojarras and swimming crabs occurred in 96 % of all 
blocknets and were the most prevalent organisms within the mangroves in the North Sound 
followed by needlefish, (92 %) and killifish (63 %; Table 4.1). In contrast, mojarras (95 %), 
gobies (95 %), parrotfish (89 %), snappers (89 %), grunts (74 %), barracudas (Sphyraenidae, 
68 %) and swimming crabs (68 %) were the most commonly caught species within the 
mangroves off South Bimini. 
4.3.3 Seagrass communities 
4. 3. 3.1 Seine and trawl catches 
Two hundred and seventy seine nets (enclosing a total area of 120,690 m2) were closed in 
each study area, evenly divided up by both season (135 each in wet and dry) and distance 
from the mangrove fringe (45 at each distance). Seagrass communities were further quantified 
with 285 trawls in the North Sound (total area of 14,250 m2) and 213 trawls off South Bimini 
(I 0,650 m2). In total, seagrass communities in the North Sound comprised of 71 species of 
teleosts from 28 families, 26 species of crustacean from 11 families, two species of 
elasmobranchs from two families and one species of cephalopod (see Appendices 3.1 and 
4.1 ). South Bimini seagrass communities, like the mangroves, were more diverse than those in 
the North Sound and comprised of I 06 species of teleosts from 40 families, 29 species of 
crustaceans from I 5 families and three species of elasmobranchs from three families (see 
Appendices 3.2 and 4.2). 
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NORTH SOUND SOUTII BIMINI 
Wet (7: 3058 m') D!I ( 17: 8693 m1) Wet (6: 2038 m1) D!I ( 13: 6456 m1) 
FAMILY N w 0 N w 0 N w 0 N w 0 
Tcleosts 
Acantlruridae (Surgeonfishes) 34.1 I 42.8 
*fAlherinidae (Silversides) 432 929.0 14122 2449.6 2 8093 3526.2 4 
t Balraclroididae (Toad fishes) 13 93.6 2 
•t Be/onidoe (Needlcfishes) 47 486.5 6 306 5409.0 16 43 847.2 3 51 607.9 8 
Bmhidae (Lcfieye flounders) 161.2 
t Brolulidae (llrotulas) 1.7 I 7 6.7 
fCarangidae (Jacks) I 4.1 I 
tChae/odonlidae (llutterflyfishes) 3 8.7 2 5 15.7 2 
•tCiupeidae (Herrings) 4.5 I 148 51.4 2 0.9 
• Cyprinodonlidae (Killifishcs) 45 25.2 4 249 94.6 11 
•tGerreidae (Mojarms) 218 4962.8 7 1507 13610.5 16 452 4818.8 6 672 29068.8 12 
•tGobiidae (Gobics) I 4.5 I 17 57.5 5 119 173.8 6 230 351.6 12 
tlfaenwlidae (Grunts) 36 1931.6 5 349 9196.4 9 
Labridae (Wrnsses) 2 28.1 I 
•tLu{ianidae (Snappers) 7 56.9 4 35 224.8 7 70 984.9 5 293 23781.3 10 
t Mullidoe (Goatfishes) 7 13.1 2 
*tPeociliidae (Livebearcrs) 0.6 2 0.6 2 
t Pomacenlridae (Damselfishcs) 11 83.3 62 213.0 9 
tScaridae (Parrot fishes) 37 690.8 6 188 2768.4 11 
*tSo/eidae (Soles) 0.1 3 0.4 
• t Sphyraenidae (Barracudas) 6 124.4 2 20 149.0 6 19 528.7 4 53 2081.4 9 
•t Tetraodomidae (Puffers) 2 24.9 29 877.9 9 5 848.7 2 12 1919.9 6 
Xenocougridae (False morays) 8.4 
Crustaceans 
tAiphaeidae (Snapping shrimps) 11 10.0 4 81 149.0 5 
fCalappidae (llox crnbs) 16.0 I 
:t Dromiidae (Sponge crabs) 5.2 2 169.6 2 
tGrapsidae (Shore crnbs) 2 0.5 
tlfippolylidae (Broken back shrimps) 3 3.1 0.9 
t Majidoe (Spider cmbs) 2 3.9 14 34.4 5 
•tOcypodidae (Fiddler crabs) 0.1 0.3 
t Palaemonidae (Pra"ns) 153 4.5 143 41.1 4 
t Pali11uridae (Lobsters) I 0.1 7 386.9 2 
t Peuaeidae (Shrimps) 0.4 I 7 3.6 2 23 8.9 3 4 6.0 4 
*tPortunidae (Swimming crabs) 91 919.6 7 646 4983.9 16 37 632.4 4 37 719.7 9 
tPseudosquillidae (False mantis shrimps) 15 32.4 6 
•tXamhidae (Mud crabs) 20 61.4 4 63 110.2 6 43 147.4 3 46 85.2 9 
Table 4. I. Total unadjusted number (N), weight (W, in grams) and occurrence (0, the number 
of nets that a species was found in) of teleost and crustacean families caught within the 
mangroves in wet and dry seasons at two locations at Bimini, Bahamas. Sample sizes (number 
of nets: area sampled, m2) are provided in parentheses. • Juveniles present in North Sound, 
t Juveniles present off South Bimini. Dry season: November to April, wet season: May to 
October. 
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Teleosts 
0 Aibulidae (Bonefishcs) 
•Atherinidae (Silversidcs) 
•Ba/istidae (Triggerfish and filefishes) 
• Batrachoididae (T oadfishcs) 
• Belonidae (NeedlefJShes) 
• Bothidae (Lefteye flounders) 
•Carangidae (Jacks) 
°Chaetodontidae (Butterflyfishes) 
°Ciinidae (Ciinids) 
•ctupeidae (Herrings) 
•Cynoglossidae (Tonguefishcs) 
Cyprinodontidae (Killifishcs) 
Fistulariidae (Cometfishes) 
• Gen·eidae (Mojarras) 
•Gobiidae (Gobies) 
• Haemulidae (Grunts) 
•Hemiramphidae (Halfbeaks) 
• Labridae (W rasses) 
• Luljanidae (Snappers) 
•Ostraciidae (Trunkfishes) 
• Scoridae (Parrotfishes) 
• Scorpaenidae (Scorpionfishes) 
•Soleidae (Soles) 
• Sparidae (Porgies) 
• Sphyraenidae (Barracudas) 
•Syngnathidae (Pipefishes) 
•Synodontidae (LizardfiShes) 
•retraodontidae (Puffers) 
Triglidae (Searobins) 
Crusmceans 
Alphaeidae (Snapping shrimps) 
• Dromiidae (Sponge crabs) 
0-SOm 
Wet (45, 45) Dry (45, 50) 
N W 0 
20 30789.2 
26852 84130.2 
4.1 
N 
4 2 
5 249 
5 
w 0 
3912.3 
492.0 
16.6 
2 
2 
4 
218 4134.7 25 476 14725.4 35 
2 5.1 2 
13 61.8 5 13.4 
2 2.0 2 
7 2.1 
2.1 
2 1.9 
3623 40169.6 46 1375 21405.7 43 
2 1.5 I 0.1 I 
9 
49 
34 
3 
3 
348.0 3 
135.0 5 
845.1 17 
875.1 3 
37.8 
I 3.9 
11 
18 
4 
14 
35 105.6 IS 27 
8 
94.2 4 
281.2 10 
790.2 4 
185.2 5 
60.3 12 
88.3 3 
114 10650.5 23 131 16916.6 25 
9 121.4 8 3 1.2 3 
7 
2 
69.1 5 43 
9.0 
30.3 2 
20.4 
204.0 18 
1.2 
0.6 
50-lOOm 
Wct(45,45) Dry(45, 50) 
N W 0 N W 0 
10.2 3 5 
588 269.6 6 15 26.7 5 
4.3 I 
14.2 3 3 
81 483.1 26 206 3733.3 32 
5 4.5 3 
8 
6 
22.5 4 5 30.9 3 
35.0 6 
1.4 
1.9 
4538 22220.9 43 1965 28163.2 45 
51 692.3 8 
7 23.3 2 
2 23.6 2 
54 2536.1 22 
5 
6 
1632.6 
179.9 
4 
5 
30 102.9 16 
2 90.1 2 
33 1332.3 14 
13 36.6 10 
I 88.6 I 
10 140.4 8 
3 67.6 2 
46 528.5 3 
2 4.96 
17 416.6 12 
17 4757.0 10 
17 228.3 6 
30 76.6 15 
51 3931.0 17 
8 12.4 7 
39.5 
50 372.8 21 
7.5 
I00-200m 
Wet (45, 45) Dry (45, 50) 
N \\'ON\\'0 
4 
319 
2 
3.3 3 1040.0 
218.7 42 380.7 4 
38.5 2 8 37.6 7 
46 
I 
8 
530.5 21 116 1502.6 30 
1.4 I I 1.1 I 
47.5 6 5 25.6 3 
5.5 
I 2.9 I 14 18.4 3 
5 14.9 5 I 1.2 
9.1 
4131 16452.4 41 998 7174.4 41 
49 636.1 8 
146 617.7 15 
2 23.6 I 
36 625.7 8 
20 4907.5 12 
51 646.1 8 
35 
11 
14 
16 
4 
15 
143.0 11 
417.0 4 
633.4 11 
25.7 8 
199.9 4 
138.4 11 
9 35.5 4 
36 374.7 10 
4 22.0 3 
28 512.6 8 
14 2003.1 12 
16 263.7 8 
24 101.3 13 
2 136.7 2 
23 327.2 15 
5 9.2 5 
2 49.6 2 
77 721.5 28 
16.1 
-...) 
0'1 
*Hippo/ytidae (Broken back shrimps) I 0.0 I I 0.0 3 0.6 2 5 1.5 4 
• Majidae (Spider crabs) 38.9 5 233.2 2 2 25.2 2 2 167.7 2 
*Neogonodactylidae (Mantis shrimps) 2 7.2 2 6.3 
*Palinuridae (Spiny lobsters) 1.4 0.7 
Parthenopidae (Elbow crabs) I 0.4 
*Penaeidae (Penaeid shrimps) 354 179.3 43 99 53.0 32 382 289.5 37 198 76.7 38 193 141.3 41 181 115.8 40 
• Portunidae (Swimming crabs) 230 182.5 47 167 650.4 41 267 507.5 44 99 1633.8 49 165 647.6 45 109 1103.5 39 
*Pseudosquillidae (Mantis shrimps) 2.0 I 2 4.3 2 0.6 1 2 2.2 2 3 3.8 3 
• Xanthidae (Mud crabs) 10 49.1 8 13 11.8 7 19 19.9 13 16 23.6 10 15 13.1 9 12 3.1 7 
Elasmobranchs 
*Carcharhinidae (Requiem sharks) 5 9405.1 4 1500.0 1900.0 4 6618.0 4 1247.4 
*Dasyatidae (Whiptail stingrays) 275.6 
Cephalopods 
Loliginidae (Inshore squid) 2 16.4 
Table 4.2. Total unadjusted number (N), weight (W, in grams) and occurrence (0, the number of nets that a species was found in) of 
teleost, crustacean, elasmobranch and cephalopod families caught within 200 m of the mangrove fringe in the North Sound at Bimini, 
Bahamas. Catches are separated by distance from the mangrove fringe (0-50 m, 50-100 m, 100-200 m) and by season (dry season: 
November to April, wet season: May to October). Sample sizes (number of seine nets, number of trawls) are provided in parentheses. 
Each seine covered an area of 447m2 and each trawl 50m2 . *Juveniles present. 
0-SOm 
Wet(45, 31) Dry(45,40) 
N W 0 N W 0 
Teleosts 
•Acanthuridae (Surgeon fishes) 
Albulidae (Bonefishes) 
• Amennariidae (Frogfishes) 
•Apogonidae (Cordinolfishes) 
1.6 4 
•Atherinidae (Silvcrsides) 5879 111'66.5 16 2955 
Aulostomidae (Trumpetfishes) 
• Ba/istidae (Triggerfish and filefishes) 15.3 
• Batrachoididae (Toad fishes) 
• Be/onidae (Needlefishes) 
• Bothidae (Lefleye flounders) 
*Brotulidae (Brotulus) 
•carangidae (locks) 
*Chaetodonlidae (Butterflyftshes) 
•C!inidae (Ciinids) 
0 C/upeidae (Herrings) 
Dactylopteridae (Flying gumards) 
Dactyloscopidae (Stargazers) 
• Ecltencidae (Re moras) 
Fistulariidae (Cometfishes) 
•Gerreidae (Mojnrrus) 
•Gobiidae (Gobies) 
• Haemulidae (Grunts) 
•Hemiramphidae (Halfbeaks) 
•Labridae (Wrasses) 
•Lulj"anidae (Snappers) 
•Mullidae (Goatfishes) 
Ophichthidae (Snake eels) 
•osrradidae (Trunkfishes) 
• Pomacentridae (Damsel fishes) 
• Scaridae (Parrotfishes) 
•Scorpaenidae (Scorpionfishes) 
Serranidae (Sen basses) 
So/eidae Soles) 
134 
I 
3172.3 25 319 
1.4 
4 1197.1 4 3 
6 16.2 2 
5 
4 
694 
35 
114 
36 
12 
Ill 
I 
27 
11 
252 
0.7 
270.4 2 
3981.1 33 298 
88.9 17 72 
924.2 22 145 
987.5 4 
67.3 5 7 
2288.8 19 27 
2.8 
4.8 
7547.7 13 23 
59.8 9 18 
1456.1 37 148 
16.9 
13.7 2 
0.3 
3873.3 4 
1.3 
7.2 I 
11906.4 38 
2367.6 
1.3 
2398.3 30 
117.0 23 
961.7 16 
150.3 
35.7 7 
1894.6 16 
12.4 
4.8 
9545.9 15 
58.7 9 
1085.1 37 
50.4 
SO-lOOm 
Wet (45, 32) Dry (45, 36) 
N W 0 N W 0 
7 31.7 5 
2 1950.0 
1256 808.7 16 938 1006.1 26 
5.9 I 
12 
3 
205 
48.1 8 8 9.1 5 
3 
8 
28.4 2 
7558.8 32 
1.7 I 
742.0 2 
34.0 7 
4 4.9 4 
I 
173 
2 
3.2 
16546.3 25 
1.7 2 
4 6113.4 4 
2 12.8 2 
6105 2499.3 3 1282 794.3 2 
471 
24 
446 
23 
13 
112 
2 
20 
12 
247 
3 
1045.9 19 
49.2 11 
3153.6 32 
1781.0 5 
44.7 8 
1993.4 28 
25.7 2 
7496.2 11 
46.2 10 
2029.7 44 
12.6 3 
1 
89 
11 
129 
32 
17 
16 
12 
22 
5 
!54 
60.0 
801.7 22 
7.8 8 
431.0 21 
3424.3 5 
69.8 14 
798.7 8 
42.4 4 
6999.6 14 
23.3 5 
476.7 37 
0.3 
I00-200m 
Wet (45, 38) Dry (45, 36) 
N W 0 N W 0 
6 
748 
2 
17 
2 
182 
7 
7 
10 
104.7 6 
4 
621.5 14 6657 
21.0 2 
122.8 12 17 
1.2 
4465.2 
30.9 
2 I 
29 196 
7 4 
562.5 6 8 
3 35.1 9 
2 3.0 2 8 
90620 34700.3 2 34 
109 
14 
480 
24 
44 
140 
38 
IS 
8 
342 
2 
185.0 
0.6 
3437.6 22 74 
35.7 9 14 
2496.1 39 237 
2675.7 4 62 
189.3 17 35 
2305.4 31 28 
475.8 2 7 
29%.1 12 28 
36.9 5 3 
1673.3 54 151 
2 
19.1 2 
4.1 
2600.0 
0.4 I 
6404.2 33 
7.6 I 
55.1 10 
7.1 1 
4396.3 23 
6.1 4 
2148.4 4 
27.1 2 
11.0 8 
5.2 4 
107.7 I 
0.5 
1626.6 12 
15.6 16 
1982.8 32 
410.3 8 
102.4 13 
680.6 11 
47.2 5 
8327.7 18 
11.2 2 
675.5 41 
2.8 
-....) 
00 
•sparidae (Porgtcs) 4 97 1.1 5 1027 3 4 24 3 127.4 8 20 4348.6 6 37 2398.9 13 
• Sphyraenidae (Barracudas) 88 10540.2 33 156 20837 3 31 54 6526.3 16 31 2885 0 14 34 2022.9 22 39 2313 5 18 
+Syngnathidae (Ptpefishes) 2 1.7 2 6 6.9 4 4 24 4 3 7.2 3 5 14.5 4 I 3 5 
•synodontidac (Ltzardfishes) I 27.8 I 6.2 I 4 63 8 4 
*Tetraodonlldae (Puffers) 2 320.0 1527 7 3 2 04 2 9 1003 6 8 12 121 I 9 8 576.0 8 
Crustaceans 
*Aiphaeidae ( napping shrimps) 3 6.6 2 8 7.8 7 2 3.6 04 6 6.7 4 
•Calappidae (Box crabs) 02 I 0.4 14 
•oromiidae (Sponge crabs) 6 52 6 2 38 2 01 I 2 47 I 
• flrppolyridae (Broken back shrimps) 3 3 .9 3 3 I 4 2 2 07 2 2 I 2 2 3 1.9 3 6 24 5 
1/olocentridae (Squirrelfishes) I 7.5 I 
•Majidae (Sptder crabs) 3 7.4 3 8 21.4 7 2 59 2 8 9.9 7 0. 1 4 6 
*Neogonodactylidae (Manus shnmps) 4 5.2 2 16 0. 1 3.1 
• Pa/aemonidae (CommensaJ shrimps) 08 
• Palrnuridae (Spmy lobsters) 4000 I 0.3 I 
• Penaeidae (Penaeid shnmps) 17 14.0 7 4 61 4 16 14 6 12 13 12.5 9 18 13 6 13 14 22.1 9 
• Portunrdae (Swtmmmg crabs) 9 183.2 8 10 204.8 8 11 374 9 9 2 1.6 2 10 13.9 9 24 468. 1 12 
•Pseudosquillidae (Manus shrimps) 7 19.8 5 6 9.3 5 12 25 6 6 2 3.3 20 3 4.6 3 
•squillidae (Mantis shrimps) I 3.7 2 3.9 2 2 78 2 
• Xanthidae (Mud crabs) 23 30.9 17 11 17. 1 10 12 140 11 4 1.6 3 5 61 5 5 11 .5 5 
Elasmobranchs 
• Carclrarhimdae (Requiem sharks) 3 9942.7 3 I 1900.0 
Da.ryatrdae (Whiptail stingrays) 3 49348.0 3 8 103773 0 6 2 42500 .0 6 105630.8 5 33500 0 6 102293.6 3 
*Gm8_1ymostomatrdae ~Nurse sharks~ 2 2920. 1 2 
Table 4.3. Total unadjusted number (N), weight (W, in grams) and occurrence (0 the number of nets that a species was found in) of 
teleost, crustacean and elasmobranch families caught within 200 m of the mangrove fringe off South Bimini, Bahamas. Catches are 
separated by distance from the mangrove fringe (0-50 m, 50-100 m, 100-200 m) and by season (dry: November to April , wet: May to 
October). Sample sizes (number of seine nets, number of trawls) are provided in parentheses. Each seine covered an area of 447 m2 
and each trawl 50m2 . ·Juveniles present. 
NIGHT OA\' 
North Sound Soutb Dimini North Sound South Bimini 
Wet (8) Dry (24) Wcl(22) Dry (36) Wet (0) Dry(l2) Wet (9) Dry (13) 
Family CumulatiYe bours fished: 28:53 120:20 101:06 28:49 00:00 72:10 38:49 52:15 
Tcleosts 
Albulidae (Bonefish) 0.905 0.169 0.198 0.205 0.097 0.016 0.322 
Carangidae (Jacks) 0.097 0.009 0.058 0.032 0.163 0.116 
Cemropomidae (Snooks) 0.003 
Echeneidae (Remoras) 0.000 0.001 
Elapidae (Tarpons and ladyfishcs) • 0.037 
Gerreidae (Mojarras) 0.099 0.010 0.020 0.005 0.038 0.008 0.032 
/faemulidae (Grunts) 0.000 0.012 0.004 0.011 0.006 
Kyphosidae (Sea chubs) 0.007 0.021 
Lu{janidae (Snappers) 0.007 0.023 0.005 0.017 0.006 
Ocypodidae (Shore crabs) 0.001 
Ostraciidae (Trunkfishes) 0.007 0.002 0.002 
Scaridae (Parrotfishes) 0.000 
Sparidae (Porgics) 0.003 0.010 0.001 0.044 0.023 
Sphyraenidae (Barracudas) 0.006 
Tetraodonlidoe (PufTerfishes) 0.001 0.001 
Crustaceans 
Calappidae (Box crabs) 0.001 0.001 0.002 
Dromlidae (Sponge crabs) 0.001 
Majidae (Spider crabs) 0.004 0.001 0.005 0.000 
Palinuridae (Spiny lobsters) 0.000 0.003 0.001 • 
Portzmidae (Swimming crabs) 0072 0.025 0.015 0.010 0.037 0.019 0.015 
Elasmobranchs 
Carcharhinidae (Requiem sharks) 0.039 0.016 
Ginglymoswmmidae (Nurse sharks) 0.009 0.020 0.038 
Pristidae (Sawfishes) 
Sphyrnidae (llammerhend sharks) 0.006 
-------------------------··--· . ···-·--·------------------.. --... -
TOTAL: 1173 0.235 0.394 0.333 
Table 4.4. Biomass of teleost, crustacean and elasmobranch families caught by gill netting 
(expressed as g m·' lf1) in the North Sound and off South Bimini, Bahamas, in wet and dry 
seasons during the day and night. Sample sizes (number of nets set) are provided in 
parentheses. Cumulative hours fished in hrs:mins. Asterisk indicates species present but not 
weighed (see discussion). 
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Seine and trawl samples over sea grass in the North Sound yielded 50, 190 organ isms, 
weighing 321.9 kg, of which silversides (56 %), mojarras (33 %), penaeid shrimps (3 %), 
needlefish (2 %) and swimming crabs (2 %) accounted for 96 % of all organisms captured 
(Table 4.2). Catches from seagrass beds off South Bimini yielded 124,553 organisms 
weighing 738.1 kg, of which herrings (Clupeidae) and silversides accounted for 94% of the 
catch numerically, whilst southern stingrays (Dasyatidae) accounted for 59 %of the biomass 
(Table 4.3). Other major families represented off South Bimini were mojarras, grunts, 
parrotfish, needlefish, snappers and barracuda, which combined represented 82 % of the 
remaining catch (Table 4.3). 
4.3.3.2 Gillnet catches 
Catch rates (g m· 1 h" 1) of species caught in open water by gillnets are shown in Table 4.4. 
More species were caught off South Bimini than in the North Sound and catch rates were 
greater during the wet season in both locations. Bonefish (Albula vu/pes, Albulidae), jacks, 
mojarra and swimming crabs comprised 87 % of total gillnet catches. Gillnets caught five 
species that were not captured by any other technique: Atlantic tarpon (Megalops at/anticus, 
Elopidae), Bermuda chub (Kyphosus sectatrix, Kyphosidae), sea bream (Archosargus 
rhomboids, Sparidae), small tooth sawfish (Pristis pectinata, Pristidae) and the bonnethead 
shark (Sphyrna tiburo, Sphyrnidae). 
4.3.4 Spatial and temporal variation in mangrove and seagrass communities 
Cluster analysis using the relative importance of the 64 families identified around Bimini 
revealed distinct mangrove and seagrass communities in both the North Sound and South 
Bimini (Figure 4.1 ). Mangrove communities in the North Sound were significantly different 
from communities off South Bimini and were more uniform throughout the wet and dry 
season in the North Sound than off South Bimini (Figure 4.1, note Euclidean distances). 
Cluster analysis also revealed a clear distinction in seagrass communities in the North Sound 
and off South Bimini (Figure 4.1 ). North Sound seagrass communities were closely grouped 
by season, but off South Bimini they were grouped by distance from the mangrove fringe 
(Figure 4.1 ). This suggests that sea grass communities off South Bimini are influenced 
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Figure 4.1. Dendrogram from cluster analysis (unweighted paired group mean averages and 
squared Euclidean distances) of 64 families collected from mangrove and seagrass beds in the 
North Sound and off South Bimini during wet and dry seasons, at Bimini, Bahamas; based on 
the index of relative importance of each family in blocknet, seine and trawl samples. Index of 
relative importance is calculated as ([%number+% weight] x% occurrence), see Chapter 2, 
section 2.4.2. Location codes: NS, North Sound; SB, South Bimini. Habitat codes: 0, 
mangroves; 50, seagrass within 50 m of mangrove fringe; I 00, seagrass 50 - 100 m; 200, 
seagrass 100 - 200 m from mangrove fringe. Season codes: D, dry; W, wet. For example, the 
code NSOW is North Sound mangrove community in the wet season. Dotted line highlights 
the difference between mangrove and seagrass communities, and seagrass communities in the 
North Sound and South Bimini, as determined by the cluster analysis. 
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most by distance from the mangrove fringe, with little seasonal fluctuation, whereas seasonal 
fluctuations in environmental conditions have the greatest effect on seagrass communities in 
the North Sound. In comparison, the seagrass fauna) communities in the North Sound vary 
more seasonally than with distance from shore. 
Spearman's rank correlations indicated a high degree of overlap in community structure with 
respect to habitat, season and location (Table 4.5). Morisita's index indicated a greater degree 
of homogeneity in North Sound communities than off South Bimini (Table 4.5). South Bimini 
mangrove communities were more similar to mangrove and seagrass communities in the 
North Sound than their own fringing seagrass communities (Table 4.5). This may be due to 
the more productive seagrass beds off South Bimini supporting a wider range of species than 
the sparse seagrass beds in the North Sound, as well as a greater number of transient species 
due to its open nature and closer proximity to near-by reefs. 
4.3.5 Spatial variation in species catch 
Nearly all the species caught in the North Sound were also recorded off South Bimini. Highly 
abundant mojarra, needlefish, puffers, swimming crabs and penaeid shrimp typified North 
Sound communities, whereas grunts, snappers, parrotfish, gobies and juvenile reef fish (e.g. 
surgeon fish, squirrelfish and damsel fish) were more abundant and characteristic of the fauna) 
community off South Bimini. Only four species in the North Sound and six species off South 
Bimini were caught exclusively in the mangroves (Appendix 2). Crustacean catches in the 
mangroves were double those caught over near shore habitats, with greater catches of 
snapping shrimps (Aiphaeidae), prawns (Hippolytidae), lobsters (Palinuridae), mud crabs and 
swimming crabs. 
In both the North Sound and South Bimini, catches ofmojarra were largely comprised of two 
species, with yellowfin mojarras (Gerres cinereus) more abundant in the mangroves and 
slender mojarras (Eucinostomus jonesii) more abundant over fringing sand and seagrass (see 
Appendices 2, 3 and 4). Needlefish, swimming crabs, barracuda and silversides were caught 
in greatest abundances in or near to the mangrove prop roots in both the North Sound 
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200 0.3 1 * 0.54 0.56 0.66 0.44 0.58 0.63 0.63 0.51 0.72 0.82 0.77 0.44 0.63 0.80 
Table 4.5. Spearman's rank correlations and simplified Morisita's index of similarity comparing community composition between two 
habitats in different locations and seasons. These indices identify the similarity (overlap) in the importance (IRl) of all 64 families 
identified at Bimini between two locations. Spearman's rank values are given below the diagonal line and Morisita's above. All 
Spearman's r significant (P < 0.001) unless stated: * P < 0.05, ** P < 0.0 1. Significant values of Morisita's index (> 0.60) are 
highlighted in bold. Habitat codes: 0, mangroves; 50, seagrass within 50 m of mangrove fringe; 100, seagrass 50 - 100 m; 200, 
seagrass 100 - 200 m from mangrove fringe. For example, overlap between mangrove communities in the North Sound and South 
Bimini during the wet season is: 0.63 (Morisita's) and 0.33 (Spearman's rank). 
and off South Bimini, whilst puffers and penaeid shrimps were caught in greater numbers 
with increasing distance from the mangrove fringe (Tables 4.2 and 4.3). 
Bluestriped grunts (Haemulon sciurus) were the main Haemulid in the mangroves 
numerically (91 %) and gravimetrically (80 %) and bluestriped grunts and white grunts 
(Haemulon plumieri) the main species over seagrass (Appendices 2, 3 and 4). Catches of 
grunts over seagrass increased with increasing distance from the mangroves, but abundance 
and biomass was greater within the mangrove prop roots (Tables 4.1 and 4.2). This reflects 
the high catch of adults in the mangroves, and juveniles over seagrass. Five species of snapper 
were identified but schoolmaster snappers (Lutjanus synagris) and grey snappers (L. griseus) 
were the most abundant. Eighty-five percent of the snappers caught in the mangroves were 
schoolmaster snappers, but 74 % of the biomass was grey snappers. Seven species of 
parrotfish were identified in the mangroves and seagrass beds around Bimini, but most of the 
catch in the North Sound and off South Bimini comprised of just three species: redtail 
parrotfish (Sparisoma chrysopterum), striped parrotfish (Scm·us croicensis) and princess 
parrotfish (Scarus taeniopterus). Parrotfish were more abundant over seagrass, but showed no 
spatial trend in distribution (Tables 4.2 and 4.3). Gobies were more abundant in the 
mangroves, with the island frillfin (Bathygobius mystacium) the most commonly caught of the 
seven species identified (Appendix 2). 
4.3.6 Temporal variation in species catch 
In both the North Sound and off South Bimini, needlefish, mojarras and snappers were more 
abundant in the wet season while barracuda and puffers were more abundant in the dry season 
(Tables 4.1 and 4.2). Apart from these similarities, opposing seasonal trends were observed 
with most other species in the two locations. During the wet season, catches of all species in 
the mangroves decreased in the North Sound, but increased off South Bimini. Silversides and 
swimming crabs were more abundant in the wet season, and penaeid shrimps more abundant 
in the dry season in the North Sound (Table 4.1), but the opposite trend was observed off 
South Bimini for these animals (Table 4.2). Herrings, grunts and parrotfish were more 
abundant in the wet season off South Bimini (Table 4.2) compared to the North Sound during 
the dry season (Table 4.1 ). 
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4.3. 7 Spatial and temporal variation in catch diversity and biomass 
4.3. 7.1 Spatial variation in species diversity 
Figure 4.2 shows the variation in the mean number of species caught per net, adjusted for the 
area sampled. Significantly more species were caught per net set in the mangroves off South 
Bimini than over the seagrass beds, in both the wet and dry season (Kruskal-Wall is test, P < 
0.00 I; Figure 4.2). In comparison, the number of species caught per net was more uniform in 
the North Sound, with no significant variation in the number of species caught in the 
mangroves or seagrass in either season (Kruskal-Wallis test P > 0.05; Figure 4.2). 
Mangrove catches averaged significantly more species per net haul off South Bimini than in 
the North Sound in both the wet and dry season (Student's t-test, P < 0.001, Figure 4.2). 
Seagrass catches off South Bimini had significantly more species per net haul than in the 
North Sound in all distances and seasons except for 0-50 m and 100-200 m in the dry season 
(Kolmogorov-Smimov test, P > 0.05, Figure 4.2). 
4.3. 7.2 Temporal variation in species diversity 
The mean number of species caught in the mangroves did not vary significantly between the 
wet and dry season in the North Sound (Student's t-test, P = 0.365). The mean number of 
species seined over seagrass in the North Sound did not vary with season at any distance from 
the mangrove fringe (Student's t-test: 0-50 m, P = 0.563; 50-100 m, P = 0.456; I 00-200 m, P 
= 0.474; see Figure 4.3). 
More species were caught per net set in the mangroves off South Bimini during the wet 
season than in the dry season, but this was not significant (Student's t-test, P = 0.051; Figure 
4.3). There was no seasonal variation in the number of species caught within 50 m of the 
mangroves (Kolmogorov-Smirnov test, P = 0.136), but significantly more species were caught 
at distances beyond this during the wet season (Kolmogorov-Smimov test, P < 0.00 I, Figure 
4.3). 
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Figure 4.2. Spatial variation in the number of species caught at different distances from shore 
in the dry season (November to April; Panel A) and in the wet season (May to October, Panel 
B), in the North Sound (.A.) and South Bimini (•). Species catch was significantly greater in 
the mangroves than over seagrass in both seasons off South Bimini (Kruskal-Wall is test, P < 
0.00 I) but there was no significant variation in the number of species caught with distance 
from shore in the North Sound during the dry season (Kruskal-Wall is test, P = 0.06) or the 
wet season (P = 0.237). Student's /-tests were used to compare the mean number of species 
caught in the mangroves and Kolmogorov-Smirnov tests used to compare distributions of 
species catch between the North Sound and South Bimini in each season (P values included 
on Figure, NS = not significant). Forty-five seine nets were hauled at each distance in each 
nursery over seagrass, 13 blocknets off South Bimini and 17 in the North Sound were hauled 
in the dry season, and six blocknets off South Bimini and seven in the North Sound were 
hauled in the wet season. 
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4.3. 7.3 Spatial variation in catch biomass 
Catch biomass was significantly greater in the mangroves than over seagrass beds in both 
seasons off South Bimini (Kruskal-Wall is test, dry season: P = 0.00 I; wet season: P = 0.006; 
Figure 4.3). Catch biomass also varied significantly with distance from shore in the North 
Sound, with biomass significantly less in seagrass over I 00 m from the mangroves in the dry 
season (Kruskal-Wall is test, P = 0.007; Figure 4.3) and significantly greater within 50 m of 
the mangroves than all other habitats during the wet season (Kruskal-Wall is test, P = 0.0 12; 
Figure 4.3). 
South Bimini mangrove and seagrass catch biomasses were not significantly different from 
biomasses in the North Sound at any distance from shore in the wet season (Kolmogorov-
Smirnov test, P > 0.05; Figure 4.3). In the dry season, mangrove catch biomass was 
significantly greater off South Bimini than in the North Sound (Kolmogorov-Smirnov test, P 
= 0.022, Figure 4.3). Biomass of seagrass catches off South Bimini in the dry season were 
significantly greater than catches in the North Sound at all distances (Figure 4.3) except 
between 50 and I 00 m from shore (Kolmogorov-Smirnov test, P = 0.331, Figure 4.3). 
4.3. 7.4 Temporal variation in catch biomass 
Although mean catch biomasses were greater at all distances during the dry season off South 
Bimini, none of these were significantly greater than catch biomasses during the wet season 
(Kolmogorov-Smirnov test: mangroves: P = 0.578; seagrass 0-50m: P = 0.136; 50-I 00 m: P = 
0.944; I 00-200 m: P = 0.648). Mangrove catch biomass in the North Sound did not vary 
significantly with season (Kolmogorov-Smirnov test, P = 0.911 ). Catch biomass was 
significantly greater within 50 m of the mangroves during the wet season than the dry season 
in the North Sound (Kolmogorov-Smirnov test, P = 0.047), but there was no significant 
seasonal variation at any other distance over seagrass (Kolmogorov-Smirnov test, 50-I 00 m: 
P = 0.944; I 00-200 m: 0.311). Silversides were caught in large numbers within 50 m of the 
mangroves during the wet season in the North Sound (see Table 4.2). However, there was still 
a significant increase in the catch biomass within 50 m of the mangroves even with silversides 
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Figure 4.3. Variation in catch biomass with distance from shore in the dry season (November 
to April; Panel A) and in the wet season (May to October, Panel B), in the North Sound (solid 
bars) and South Bimini (empty bars). Catch biomass was significantly greater in the 
mangroves than over seagrass in both seasons off South Bimini (Kruskal-Wallis test, dry 
season: P = 0.00 I; wet season: P = 0.006). Catch biomass varied significantly with distance 
from shore in the North Sound, with catch biomass significantly less over I 00-200 m in the 
dry season (Kruskal-Wall is test, P = 0.007) and significantly greater within 50 m of the 
mangroves in the wet season (Kruskal- Wall is test, P = 0.0 12). Kolmogorov-Smimov tests 
were used to compare distributions of catch densities at different distances between the North 
Sound and South Bimini during the wet and dry season (P < 0.05 indicating significant 
difference, values included on Figure). Forty-five seine nets were hauled at each distance in 
each nursery over seagrass, 13 blocknets off South Bimini and 17 in the North Sound were 
hauled in the dry season, and six blocknets off South Bimini and seven in the North Sound 
were hauled in the wet season. 
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removed (Kolmogorov-Smimov test P = 0.026), suggesting an overall increase in catch 
biomass at this distance during the wet season. 
4.3.8 Community size structure 
Sizes of all organisms measured were combined from all distances/habitats producing 
frequency histograms for the North Sound and South Bimini communities in both wet and dry 
seasons (Figure 4.4). Distributions of organism sizes in the wet season were significantly 
greater in the North Sound (9.3 ± 0.1 cm TL, mean ± S.E.; range 0.3 to 72.4 cm, n = 8228; 
Figure 4.4C) than off South Bimini (8.4 ± 0.1 cm TL, mean± S.E.; range 0.5 to 130.0 cm, n = 
5158; Figure 4.4A). In contrast, distributions of organism sizes in the dry season were 
significantly greater off South Bimini (I 0.1 ± 0.1 cm TL, mean± S.E.; range 0.5 to 115.0 cm, 
n = 5654; Figure 4.48) than in the North Sound (8.0 ± 0.1 cm TL, mean± S.E.; range 0.3 to 
78.0 cm, n = 6156; Figure 4.40). 
Seasonal size distributions were statistically significantly different in the North Sound 
(Kolmogorov-Smirnov test, P < 0.001) and off South Bimini (Kolmogorov-Smirnov test, P < 
0.00 I), with mean sizes greater in the wet season in the North Sound and greater in the dry 
season off South Bimini (Figure 4.4). 
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Figure 4.4. Size-frequency histograms of organisms in the North Sound and South Bimini 
nurseries in wet and dry seasons. Sizes measured are total length in fish and shrimps; 
carapace width in crabs and disc width in rays, in centimetres. (A) South Bimini dry season, 
(B) South Bimini wet season, (C) North Sound dry season, (D) North Sound wet season. 
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4.4 Discussion 
Sampling of mangrove and seagrass fauna) communities at Bimini resulted in the 
identification of 128 species of teleost fish, 40 species of crustacean, six species of 
elasmobranch and one species of cephalopod. Blocknets enabled the accurate quantification 
of mangrove communities, whilst seine nets, trawls and gillnets complemented each other to 
provide a comprehensive description ofthe seagrass communities at Bimini. The large sample 
size enabled comparisons of spatial and temporal variations in mangrove and seagrass 
communities, species diversity and catch densities in high and low productivity areas. 
Generally, mangrove and seagrass habitats differed significantly in terms of community 
composition, species diversity and catch biomass. Mangroves supported significantly more 
diverse fauna) communities and significantly greater biomasses than seagrass beds. Mangrove 
communities were dominated by just six families in both study sites, which is typical of 
estuarine mangroves (e.g. Horn, 1980; Tremain and Adams, 1995). Generally, seagrass catch 
biomass and species diversity were greatest nearest to the mangroves. This could be either due 
to the proximity of the mangroves, or due to greater habitat heterogeneity near the mangroves 
(see Chapter 2). Mangroves are essential to this area and may influence adjacent seagrass 
habitats by an extension of their nursery, a trend that has been previously reported in 
mangrove communities in Guadeloupe (Baelde, 1990). However, further research on seagrass 
areas without nearby mangroves is necessary to quantitatively confirm this. 
4.4.1 Comparison of mangrove and seagrass catches at Bimini with other regions 
Faunal communities at Bimini were divided into distinct mangrove and seagrass populations, 
agreeing with similar community comparisons of these habitats reported in Australia 
(Robertson and Duke, 1987) and the West lndies (Louis et al., 1995). Mangrove communities 
off South Bimini are comparable to other mangrove habitats in the Caribbean region, but 
those in the North Sound were atypical, with significantly lower species diversity and 
decreased catch biomass. More species were identified in the mangroves and seagrass beds in 
the more salubrious environment off South Bimini, despite a greater sampling effort in the 
North Sound. Forty-five species of fish (71 species total, including invertebrates) were 
identified in the mangroves off South Bimini, in comparison to only 19 species of fish (30 
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species total) in the North Sound mangroves. The number of species caught in the mangroves 
in the North Sound is one of the lowest values reported in the literature and both mangrove 
communities have less species than mangroves in nearby Florida (87 species Thayer et al., 
1987; 76 species Ley et al., 1999). Catch biomass within the mangroves was significantly 
lower in the North Sound than off South Bimini, with the mean catch biomass lowest in the 
wet season (2.5 ± 0.8 g m·Z, mean± S.E., n = 7; area sampled: 3058 m2). Catch biomasses in 
the mangroves off South Bimini, even at their peak during the dry season (I 0.3 g m-2), were 
lower than reported values in the mangroves in nearby Florida (15.0 g m-2; Thayer et al., 
1987) but greater than values reported in Australia (8.2 g m-2; Blaber et al., 1989). 
Species counts over seagrass beds in both nurseries (North Sound: 71 species of teleosts, I 00 
species total; South Bimini: I 06 species ofteleosts, 153 species total) were greater than values 
reported in the West lndies (61 species; Baelde, 1990), US Virgin Islands (34 species; 
Robblee and Zieman, 1984) and Puerto Rico (38 species; Rooker and Dennis, 1991) and were 
comparable to Florida sea grass communities (I 08 species; Tremain and A dams, 1995). 
However, this may be in part due to the increased sampling effort in this study, resulting in 
the identification of more rare species in the environment. 
4.4.2 North Sound I South Bimini comparison 
In both locations, mangrove prop roots and seagrass beds were important habitats for juvenile 
fish and invertebrates. However, South Bimini habitats were important to more species that 
are found on reefs as adults than the North Sound, and some species were caught as adults in 
the mangroves (e.g. surgeonfish, Acanthuridae; snappers and grunts). The North Sound was 
typified by a greater abundance of invertebrates than South Bimini habitats, mainly swimming 
crabs (e.g. blue crabs and ornate blue crabs) and the American pink shrimp (Penaeus 
duorarum). Generally catch abundances of all species were greatest in the wet season off 
South Bimini, but greatest in the dry season in the North Sound. 
The South Bimini environment is more comparable to other areas in the Caribbean; therefore 
the trends observed off South Bimini probably occur elsewhere in this region. Catch biomass 
and diversity off South Bimini was significantly greater in the mangroves, decreasing over 
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fringing seagrass beds with increasing distance from shore. The lack of significant seasonal 
variations in community composition, species diversity and catch biomass off South Bimini 
indicates the relative stability of this area in comparison to the North Sound. 
North Sound communities were significantly less diverse than those off South Bimini, and 
although cluster analysis revealed distinct mangrove and seagrass communities, there was a 
higher degree of similarity in species composition between mangrove and seagrass habitats in 
the North Sound (see Table 4.5). North Sound communities demonstrated greater seasonal 
variation, with little spatial variation in community composition and catch diversity in either 
season. This suggests that an environmental variable, most likely temperature (which reached 
a near-lethal maximum of 36 °C in the wet season; see Chapter 2), is probably limiting 
community diversity and biomass in the North Sound. The upper thermal limit of fish is 
approximately 38 °C (Brock, 1984), with high temperatures also reducing oxygen levels in the 
water and increasing bacterial diseases. Temperature is one of the most important physico-
chemical factors influencing fish distributions (Moyle and Cech, 1988). Near-lethal 
temperatures in the shallows probably forced many species out of the mangroves in the wet 
season, accounting for the decreased mangrove catch biomass and the increase in catch 
biomass over fringing seagrass beds within SO m of the mangroves during the wet season. 
Fauna] communities have been shown to be significantly lower in species diversity and 
abundance in thermally impacted seagrass beds in Florida (McLaughlin et al., 1983). During 
the dry season when temperatures were lower, catch diversity and biomasses in the North 
Sound indicated a greater association with the mangroves, similar to observations off South 
Bimini. This reinforces the hypothesis that temperature is limiting diversity and catch biomass 
in the North Sound, however temperature measurements along transect perpendicular to shore 
are required to confirm this. 
The high temperatures in the North Sound also limit primary production, with turtle grass 
Thalassia testudinum, on the threshold of its tolerance limits (Chapter 2). Seagrass coverage 
was significantly lower in the North Sound and coverage of bare sand significantly greater 
than off South Bimini (Chapter 2). It has been demonstrated that there are more species in 
vegetated habitats than over bare sand (e.g. Lewis, 1984) and species richness, abundance and 
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biomass have all been correlated with increasing plant biomass (Heck and Wetstone, 1977; 
Stoner, 1980; Lewis and Stoner, 1983; De Troch et al., 1996). However, a high standing crop 
doesn't necessarily indicate greater macrofaunal abundance, with other factors such as 
sediment type and total organic content also influencing species abundances (Brook, 1978). 
Therefore, greater primary productivity (as a result of the more favourable environmental 
conditions) was probably the principal reason behind the greater species diversity and catch 
biomass off South Bimini, with the high temperatures in the North Sound limiting primary 
productivity (see Chapter 2) and subsequently indirectly reducing species diversity. High 
abundances of fish and invertebrates within the mangroves off South Bimini are probably due 
to the structural complexity and high organic content in the sediments of mangrove habitats. 
4.4.3 Trends in community size structure 
Community size distributions were greater in the North Sound during the wet season and 
greater off South Bimini during the dry season. Size distributions also varied significantly 
with season in each nursery, with mean sizes greater in the wet season in the North Sound and 
greater in the dry season off South Bimini. These differences were probably due to the high 
abundance of small schooling species (e.g. herrings and silversides) off South Bimini during 
the wet season, and the high temperatures in the shallow water of the North Sound during the 
wet season forcing most small species to migrate to cooler, deeper water. 
4.4.4 Sampling critique 
Seine nets comprehensively sampled seagrass fish communities due to their size and the 
technique employed, regularly catching fast moving species such as jacks, permits, sharks and 
even the notoriously shy bonefish (Albula vulpes). Seine nets can provide accurate indications 
of abundance and composition of fish communities providing nets are long enough and 
deployed in such a manner as to circumvent bias due to avoidance by larger fish (Morton, 
1990). However, benthic invertebrates appeared to be under-sampled and therefore additional 
sampling with a trawl was necessary to provide an accurate representation of the abundances 
of many invertebrate species. Gillnets caught several species which were not included in the 
seine catches, but these catches are probably inconsequential as large fast-moving visitors to 
the seagrass beds were not prey of juvenile lemon sharks due to their large size and ability to 
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avoid capture (see Chapter 3 and Chapter 6). The greater number of species caught over 
seagrass and other near shore habitats was probably in part due to increased sampling effort. 
However, blocknets have been demonstrated to be an efficient (Chick et al., 1999) and 
accurate method of sampling mangrove fauna! communities (Thayer et al., 1987; Robertson 
and Duke, 1987) and provide an accurate representation of species inhabiting the mangroves 
at Bimini (pers obs). 
Diel variation 111 species composition has been demonstrated in mangrove and seagrass 
communities, with catches at night increasing over seagrass (Heck and Orth, 1980; Griffiths, 
200 I) and decreasing in the mangroves (Rooker and Dennis, 1991 ). Mangrove communities 
have also been shown to increase at night (Thayer et al., 1987; Lin and Shao, 1999), but 
preliminary catches at Bimini indicated a nocturnal decrease in mangrove communities along 
with an increase in seagrass communities and catch biomass (Newman unpub data). Many 
species occurring in mangrove prop roots during the day may be sheltering from predators 
and leaving to forage over the seagrass at night, similar to many species of fish that rest on 
coral reefs during the day (McFarland et a/, 1979; Robblee and Zieman, 1984; Nagelkerken et 
al., 2000b). Because of this movement between mangrove and seagrass habitats, daytime 
sampling was sufficient to describe and estimate fauna) communities and populations for the 
purpose of determining prey selectivity in juvenile lemon sharks. 
4.4.5 Implications on prey selection by juvenile lemon sharks 
Habitats that are less affected by seasonally fluctuating environmental conditions are more 
stable and predictable, and allow for trophic specialisation. Therefore, it is to be expected that 
juvenile lemon sharks living off South Bimini would be more selective, as predators in an 
unstable environment such as the North Sound are more likely to be opportunistic in order to 
adapt to the spatial and temporal variations in prey communities. In addition, K-selective 
organisms will do better in areas where prey communities are less impacted by seasonal 
variations (Margalef, 1968), and the greater abundances of potential prey should result in 
more selective feeding. 
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4.4.6 Conclusion 
Comprehensive sampling around Bimini has not only provided a detailed description of 
fauna! communities for the purpose of determining prey selectivity in juvenile lemon sharks, 
but also revealed spatial and temporal variations in communities and species catch and 
biomass. Mangroves and seagrass beds are essential habitats for many finfish and 
invertebrates in this region and although both are important, this study highlights the greater 
importance of mangroves, which appear to influence fringing seagrass beds by an extension 
of their nursery area. Species diversity and catch biomass were greater in the mangroves and 
seagrass beds within the area of higher primary productivity (South Bimini). The more 
productive and salubrious environment off South Bimini was more stable than the North 
Sound, with less seasonal fluctuations in community composition, diversity and catch 
biomass due to more favourable environmental regimes. As a result, this area should provide 
a better habitat for K-selective organisms such as sharks and should encourage selective 
feeding in juvenile lemon sharks. 
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Chapter 5 
Length-weight and bone-total length regression equations for estimating 
original size of partially digested prey items 
Abstract 
Predictive equations relating bone length with fish length have been used to determine 
original size of partially digested prey in temperate piscivores. In this study, 14 fish bones and 
I 0 crab and shrimp carapace dimensions were measured to produce predictive equations that 
can be used to estimate original size in 28 species of tropical teleosts and crustaceans. A total 
of 7255 measurements were taken, resulting in 355 linear regressions for original size 
estimation. Highly significant least squares linear regression equations are presented here for 
13 major prey species of lemon sharks. Five regressions were also calculated to genus level, 
for when partially digested prey could not be identified to species. Unlike previous methods, 
this study determined bone lengths using digital imagery and the computer package Sigma 
Scan. Although almost all regression equations were highly significant (with r 2 values greater 
than 0.90) vertebral column length, pharyngeal tooth length and skull length were the best 
measurements for estimating total length in teleosts. The wide range of bone measurements 
taken in this study enables flexibility when estimating original size from stomach content 
remains. The highly acidic stomach of elasmobranchs means care should be taken when 
choosing which bone to use for original size estimation. Although these regressions have been 
specifically developed for the dietary analysis of juvenile lemon sharks, the results may be 
suitable for the analysis of any piscivorous organism in the Gulf of Mexico/Caribbean region. 
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5.1 Introduction 
The role of predators m structuring and regulating prey communities has long been 
investigated through dietary analysis (see review by Hyslop, 1980). Digestive processes make 
identification of prey difficult and estimation of original size impossible without the use of 
diagnostic bones. Diagnostic bones are those that can be used either to identify prey and/or to 
estimate original size by use of a regression (back-calculation) equation. Such bones can be 
essential due to the variability in the condition of recovered prey items, which often results in 
the loss of potentially important dietary information. Calculation of original prey size enables 
the determination of prey size selectivity (see Chapter 7), estimation of consumption rates 
(see Chapter 6), as well as more precise estimates of daily ration (see Chapter 6), and calorific 
values of prey for bioenergetics. Understanding prey size selection elucidates consumption 
rates of different sized prey spatially and temporally, facilitating the estimation of predation 
impact. 
Early work used bone-length regressions for age determination in teleosts (e.g. LeCren, 1947; 
McConnell, 1952) but the use of bones to estimate the original length of partially digested 
prey for feeding ecology studies is relatively new. The slower digestion of bony material and 
the linear relationship between bone length and body length enables the estimation of original 
prey size from the measurement of dietary remains. Diagnostic bones that have been utilised 
to identify and estimate original prey size in piscivorous teleosts include vertebrae (Pikhu and 
Pikhu, 1970), pharyngeal arches (Mann and Beaumont, 1980; Mclntyre and Ward, 1986; 
Hansel et al., 1988), opercular bones (Newsome, 1977; Hansel et al., 1988), axial skeleton 
and hypurals (Trippel and Bearnish, 1987) as well as the cleithra and dentaries (Hansel et al., 
1988; Scharf et al., 1998). External morphometries such as eye diameter and caudal peduncle 
have also been used to estimate total length (Crane et al., 1987; Serafy et al., 1996; Scharf et 
al., 1998), but due to the digestive process external measurements can be unreliable and as a 
result are not considered in this study. 
Fish bones as tools for identification and original size estimation have been widely used in 
dietary studies of mammals (e.g. Wise, 1980; Prime and Hammond, 1985; Carss and Elston, 
1996) and birds (e.g. Raven, 1986; Feltham and Marquiss, 1989; Middlemas and Arrnstrong, 
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2002). The work conducted to date on piscivorous fish has concentrated on freshwater 
teleosts, with very few examples using regression equations to determine prey length in 
marine teleosts (Crane et al., 1987; Serafy et al., 1996; Scharf et al., 1997; Scharf et al., 
1998), and no detailed multi-species analysis of the prey sizes of an elasmobranch. 
In this study we provide predictive regression equations for the major tropical prey species of 
juvenile lemon sharks. These will enable the estimation of total length from measurements of 
bones and the estimation of body weight from total length (see Chapter 6). Although these 
regressions have been specifically developed for the dietary analysis of juvenile lemon sharks, 
the results may be suitable for the analysis of any piscivorous organism in the Gulf of 
Mexico/Caribbean region. 
5.2 Materials and Methods 
5.2.1 Specimen collection 
Fish and crustaceans identified in the diet of juvenile lemon sharks (Chapter 3) were collected 
between March 2000 and December 2002 from Bimini, Bahamas. Multiple collection 
techniques were employed in a wide range of habitats in order to maximise size ranges of 
each species and therefore improve the accuracy of bone-total length regressions. Upon 
capture specimens were humanely killed with an overdose of buffered tricaine (MS-222), 
measured to the nearest millimetre (fork length, FL, and total length, TL) and frozen for later 
preparation. 
5.2.2 Specimen preparation 
To extract skeletons, specimens were defrosted and boiled in water for up to two minutes 
(depending on size) to soften the tissue. Skeletons were then manually cleaned to remove all 
flesh, organs and fins, whilst skulls were cleaned to reveal the branchiocranium discarding 
loose jaw and opercular bones. Skeletons were digitally photographed (Nikon coolpix 950, 
Tiffen close up lenses, Manfrotto 055 tripod) with the fish details (species and total length 
label) and a scale bar in the image. All measurements for crustaceans were external enabling 
crabs and shrimp to be photographed live and later released at the site of capture. Bone and 
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carapace dimensions were accurately measured to one hundreth of a millimetre using 
SigmaScan Pro 4 (Jandel Corporation). 
5.2.3 Bone and carapace measurements 
Fourteen measurements of bone dimensions were taken from each fish skeleton (Figure 5.1), 
six carapace measurements from shrimp and ten measurements from crabs (Figure 5.2). Each 
measurement was chosen due to its occurrence in juvenile lemon shark stomachs and its ease 
of measurement. Bones that were damaged or deformed in any way were not measured or 
included in the analysis. The high acidity of shark stomachs precluded the use of external 
measurements and opercular bones. Although most of the regressions presented here are 
species-specific, some general equations at genus level were also calculated for major dietary 
prey of lemon sharks. This enables the estimation of original size when prey identification is 
not possible to species due to advanced stages of digestion. 
5.2.3.1 Fish bone measurements 
Three different skull dimensions were taken for calculation of regression equations: skull 
length (SL), measured from the base of the join between skull and vertebral column to the tip 
of the parasphenoid (Figure 5.1 A); skull depth (SDV), measured from the tip of the 
supraoccipital to the base of the join between skull and vertebral column (Figure 5.1 A); and 
skull width (SW) measured dorsally at the widest point (Figure 5.1 B). 
Due to the common occurrence of heavily digested fish prey, measurements of the vertebral 
column (VL: measured in a straight line from the anterior margin of the hypural to the 
anterior margin of the first vertebrae, Figure 5.1 E), spines and centra were also made (Figure 
5.1 A and 5.1 C). The fifth anterior (5SP) and fifth posterior (5PSP) spines (located dorsally) 
were measured from the tip to the dorsal edge of the vertebrae. The vertebrae on which 5SP 
and 5PSP were located were also measured (5V and 5PSPV respectively), as well as the fifth 
posterior vertebrae (5V). 
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Figure 5.1. Yellowfin mojarra (Gerres cinereus) skeleton showing locations of bone 
measurements used to produce least squares regressions equations to predict total length. 
Panel descriptions: A, skull and anterior portion of vertebral column; B, dorsal view of skull; 
C, posterior portion of vertebral column; D, otoliths; E, vertebral column; F, pharyngeal teeth 
(Gerreidae: mojarra); G, pharyngeal teeth (Sparidae: parrotfish). See text for description of 
measurements. 
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Finally, otoliths and pharyngeal teeth were measured due to their high occurrence in lemon 
shark stomachs. Otolith length (OL) and width (OW) were measured at the widest points 
(Figure 5.1 D). Three measurements were made of pharyngeal teeth (width, PTW; length, 
PTL; median PTM) although their locations differed with species due to morphological 
differences (Figure 5.1 F and 5.1 G). 
5. 2. 3. 2 Shrimp measurements 
Six shrimp measurements were taken (Figure 5.2A). Anterior measurements included length 
of rostrum from tip to last epigastric tooth (RL), length of carapace from ocular orbit to 
posterior margin of carapace (CL) and length of head from tip of rostrum to posterior margin 
of carapace (HL). Three posterior measurements were taken, the length of the last segment 
(LSL), length oftelson (TelL) and length ofuropod (UL). 
5.2.3.3 Crab carapace measurements 
Locations of crab carapace measurements are illustrated in Figure 5.2B. Crab size was 
recorded as carapace width (CW) and measurements of carapace dimensions taken were 
abdomen width (A W), carapace width at the narrowest point near the abdomen (CW2), 
distance between ocular orbits from the outer (ESO) and inner margins (ESJ), and the distance 
between the outer margin of the ocular orbit to the antero-lateral spine (ESO-CP). Two claw 
measurements were also taken, finger length (FL, Figure 5.2B) and total claw length (Figure 
5.2D), as well as the length and width of the swimmerettes (SL, SW; Figure 5.2C). 
5.2.4 Statistical analysis 
Regression analysis was used to quantify the relationships between weight and bone 
measurements with total length in fish and carapace width in crabs. This enabled the 
production of least squares regression equations, which can be used to estimate weight from 
total length as well as total length or carapace width using the measurements shown in Figures 
5.1 and 5.2. The non-linear relationship between length (TL and CW in cm) and wet weight 
(g) meant that both values were transformed (log10) prior to the determination of the 
equations. Bone and carapace measurements were related to fish total length and crab 
carapace width (all in millimetres) and because of their linear relationship, no transformation 
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Figure 5.2. American pink shrimp (Penaeus duorarum) and ornate blue crab (Ca/linectes 
ornatus) showing locations of carapace measurements used to produce least squares 
regression equations to predict total length in shrimp and carapace width in crabs. See text for 
description of measurements. Panel descriptions: A, shrimp measurements; B, dorsal view of 
crab; C, ventral view of swimmerette; D, ventral view of claw. 
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was necessary. Regression coefficient values (?) are provided to explain the variability of 
each equation. 
5.3 Results 
5.3.1 Length-weight regressions 
Highly significant linear regressions related log length with log weight in 24 species of 
teleosts and four species of crustacean found in the diet of juvenile lemon sharks at Bimini, 
Bahamas (Table 5.1 ). Sample sizes ranged from 13 to I 000 individuals, with most samples of 
an adequate size (> 30). All length-weight regressions were highly accurate, with regression 
coefficient (r2) values ranging from 0.93 (Wt to TL in N. brevirostris) to 0.99 (Table I). Fork 
length was significantly related with total length with the high ? values indicating no 
significant variation between the two measurements. Because of this strong relationship and 
the fact that some species lack a caudal fork, only data for total length is presented here. 
5.3.2 Bone-length regressions 
A total of 723 specimens, representing 28 species in 15 families and ranging in size from 12 
to 552 millimetres, were cleaned and prepared for bone measurements. 7255 measurements 
were taken, resulting in 335 linear regressions relating bone and carapace measurements to 
total length or carapace width. Regressions for 13 major prey items of lemon sharks at the 
species level and five at genus level are presented here (Tables 5.1-5.8). Figure 3 shows 
examples of length-weight and bone-total length regressions for a teleost and crustacean 
common in the diet of lemon sharks and the environment at Bimini, Bahamas (Chapters 3 and 
4). Each point represents a different measurement and a different fish or crab and this is true 
for all regressions except those calculated using measurements of otoliths, claws and 
swimmerettes, when there were two per individual. 
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Weight range (g) Length range (cm) 
Species n Min Max Mean±S.E. Min Max Mean ± S.E. Regression equation 
_____ .., ____ ,,._ .... _ .. ____ ..... -.. . ....... _, ______ ,,_ ... ____ ,_,_,_ .. _____ ,,._ 
Teleosts 
Albula vu/pes (Bonefish) 245 0.65 3700.00 1571.00±43.80 3.3 78.0 54.7 ± 0.74 Log wt = log TL * 2.923 - 1.9360 0.97 
AtherinomoniS stipes (Hardhead silverside) 315 0.10 4.62 1.85 ± 0.05 2.4 7.9 5.7 ± 0.06 Log wt =log TL * 3.035 + 0.6896 0.95 
Bathygobius mystacium (Island frillfin) 81 0.09 10.75 2.34 ± 0.21 2.0 9.6 5.5±0.16 Log wt =log TL * 0.304 + 0.6534 0.96 
Caranx latus (Horseye jack) 27 1.61 4600.00 1042.83 ± 328.91 5.1 78.0 24.2 ± 5.34 Log wt = log TL * 2.943 - 1.8648 0.99 
Eucinostomus jonesii (Slender mojarra) 1000 0.07 53.29 5.20 ± 0.18 1.6 17.7 6.7±0.08 Log wt =log TL • 2.974- 1.9217 0.97 
Gerres cinereus (Y ellowfin mojarra) 422 0.54 660.00 81.89 ± 6.43 3.5 39.2 14.7 ± 0.43 Log wt = log TL * 2.935 - 1.8460 0.99 
Haemulonjlavolineatum (French grunt) 51 0.39 21.02 6.17 ± 0.65 3.3 10.8 7.1 ±0_27 Log wt =log TL • 3.124- 1.9638 0.98 
Haemulon parra (Sailors choice) 76 0.26 900.00 130.25 ± 22.75 2.7 37.9 16.4 ± 1.09 Log wt = log TL • 2.980 - 1.8223 0.99 
Haemulon plumieri (White grunt) 46 0.47 210.88 15.85 ± 5.08 3.0 24.5 8.4 ± 0.60 Log wt =log TL * 3.034- 1.8799 0.99 
Haemulon sciurus (Blue striped grunt) 134 0.13 567.00 49.70 ± 8.00 2.4 31.2 11.3 ± 0.59 Log wt =log TL • 2.963- 1.7945 0_99 
Lutjanus apodus (Schoolmaster snapper) 213 0.26 269.33 25.58 ± 2.09 2.4 26.4 10.3 ± 0.29 Log wt =log TL • 2.905- 1.7068 0.99 
Lutjanus griseus (Grey snapper) 124 1.79 1500.00 294.31 ± 32.59 4.1 51.0 23.2 ± 1.01 Log wt = log TL * 2.850 - 1.6538 0.98 
Lutjanus synagris (Lane snapper) 62 0.31 320.00 27.30 ± 6.67 2.9 38.2 9.8±0.77 Log wt =log TL * 2.913- 1.7701 0.99 
Monacanthus ciliatus (Fringed filefish) 36 0.21 10.26 2.80 ±0.44 2.4 8.2 5.2 ± 0.25 Log wt =log TL • 3.203- 1.9702 0.95 
Ocyurus chrysurus (Y ellowtail snapper) 63 0.14 17.24 4.34 ± 0.51 2.5 11.9 6.5 ±0.31 Log wt = log TL * 2.884 - 1.8466 0.99 
Opsanus phobetron (Scarecrow toadfish) 13 0.11 27.28 8.89 ± 2.28 2.0 12.4 7.7 ± 0.80 Log wt =log TL * 3.108- 1.9667 0.99 
Scarus croicensis (Mottlefin parrotfish) 132 0.17 48.75 2.16±0.38 2.3 14.4 4.9±0.12 Log wt =log TL * 2.986- 1.8556 0.98 
Scarus taeniopterus (Princess parrotfish) 67 0.10 5.30 1.96 ± 0.17 2.1 7.4 4.9±0.16 Log wt = log TL * 2.992 - 1.8496 0.96 
N 
Sparisoma aurofrenatum (Redband parrotfish) 36 l.l6 81.35 14.24 ± 3.43 4.4 17.4 8.2 ± 0.61 Log wt = log TL • 2.079 - 1.8908 
Sparisoma chrysopterum (Redtail parrotfish) 224 0.29 100.51 11.71 ± 0.94 2.7 17.8 8.1 ± 0.20 Log wt =log TL • 3.068- 1.8834 
Sparisoma radians (Bucktooth parrotfish) 68 0.12 61.85 6.92±1.12 2.5 14.5 6.8 ± 0.30 Log wt= Jog TL • 3.119-1.9255 
Sparisoma rubripinne (Yellowtail parrotfish) 48 1.09 123.11 19.83 ± 3.38 4.3 18.9 9.4 ± 0.50 Log wt =Jog TL • 3.110- 1.9016 
Sparisoma viride (Stoplight parrotfish) 51 0.18 30.73 5.78 ± 0.91 2.5 12.2 6.4 ± 0.31 Log wt =log TL • 3.011 - 1.8042 
Sphyraena barracuda (Great barracuda) 414 0.09 1587.60 90.09 ± 7.89 3.0 68.4 20.0 ± 0.60 Log wt =log TL • 3.022- 2.3480 
Elasmobranchs 
Negaprion brevirostris (Lemon shark) 680 840.00 7300.00 1806.56 ± 32.08 56.1 119.2 70.5 ± 0.33 Log wt = log TL • 3.044 - 2.3922 
Crustaceans 
Callinectes or natus (Ornate blue crab) 233 0.02 240.00 13.58±2.19 0.6 16.2 3.9±0.19 Log wt =log CW • 2.875- 1.1091 
Callinectes sapidus (Blue crab) 360 0.03 735.00 57.06 ± 4.92 0.7 19.6 6.1 ± 0.26 Log wt =log CW * 3.034- 1.1807 
Cal/inectes sapidus acutidens (Blue crab subspecies) 27 0.29 200.00 101.00 ± 12.98 0.9 13.8 9.3 ± 0.69 Log wt = log CW * 2.344 - 0.3539 
Penaeus duorarum (American pink shrimp) 326 0.06 12.15 0.92 ± 0.06 1.9 12.0 4.7 ± 0.08 Log wt =log TL * 2.920-2.1192 
Table 5 .I. Linear least squares regression equations relating log length (TL= total length, CW= carapace width) to log weight in 24 
species of teleosts, 4 species of crustaceans and the lemon shark at Bimini, Bahamas. n = number of individuals measured and 
weighed, ? =coefficient of determination. 
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5.3.3 Teleost bone-length regressions 
5.3.3.1 Skull measurements 
Measurements of skull dimensions produced accurate regression equations with which to 
estimate original total length. Skull length was the most accurate measurement, with r2 values 
ranging from 0.86 (S. notata) to 0.99 (L. apodus) with an average of 0.95 (Table 5.2). 
Measurements of skull width and skull depth also proved to be useful for regression analysis, 
averaging high r2 values of 0.95 and 0.92 respectively. The regression for skull width for H. 
plumieri is not included because the sample size was small (5) and the length range limited to 
fish over I OS mm TL, resulting in a low r2 of 0.24. Skull measurements resulted in highly 
accurate regression equations in all species except for the redfin needlefish, Strongylura 
not at a. 
5. 3. 3. 2 Spine and vertebrae measurements 
Measurements of spines and vertebrae produced less accurate equations for predicting total 
length than measurements of skull dimensions (Tables 5.3 and 5.4), with spine measurements 
slightly more accurate than vertebrae measurements. The most precise regressions for 
estimating total length were calculated from measurements of the length of the entire vertebral 
column, with r2 values averaging 0.98 and ranging between 0.93 (S. notata) and 0.99 (L. 
apodus, Table 5.5). Two measurements of vertebral column length were originally taken, one 
in a straight line from the base of the skull to the hypural (Figure 5.1) and a second following 
the curve of the vertebral column. The first was used because the natural curve of the 
vertebral column did not cause any significant variation in measurement, resulting in 
extremely accurate regressions. 
5. 3. 3. 3 Otolith measurements 
Otolith measurements of length and width provided poor regressions to total length in 
comparison to all the other measurements taken, with r2 values as low as 0.78 (French grunt, 
Haemulon jlavolineatum; Table 5.6). Otoliths from the great barracuda (S. barracuda) were 
the most accurate with r2 values of 0.94 and 0.95 for regressions of total length from otolith 
length and width respectively. 
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Table 5.2. Least squares regression equations relating three skull measurements to total length 
in I 0 species and four genus of teleost from Bimini, Bahamas. All measurements are in 
millimetres. r 2 = coefficient of determination; n = number of measurements. See Figure 5.1 
for locations of each measurement. 
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Total length 
Species n range (mm) Regression equation r' 
Eucinoslomus jonesii 15 87-135 TL = SL * 5.905- 12.004 0.87 
(Slender mojarra) 23 49-135 TL =SW* 8.829 + 4.311 0.94 
21 49-135 TL = SDV * 9.946 + 2.182 0.92 
Gerres cinereus 36 78-350 TL = SL * 5.464- I2.475 0.97 
(Yellowfin mojarra) 79 78-350 TL =SW* 8.775-9.447 0.96 
74 78-350 TL = SDV * 8.501 + I.OI9 0.95 
Haemul on flavo/i neatum 18 61-198 TL = SL * 5.442- 19.7I2 0.95 
(French grunt) 20 61-198 TL = SW * 8.398 - 1.398 0.96 
19 61-198 TL = SDV * 9.202-4.819 0.96 
Haemulon plumieri 22 43-239 TL = SW * 8.060 + 4.637 0.95 
(White grunt) 23 43-239 TL= SDV * 7.476 + 17.166 0.93 
Haemu/on sciw11s 6 94-221 TL = SL * 5.3I2- I5.86I 0.99 
(Bluestriped grunt) 20 53-255 TL =SW* 7.966 + 1.635 0.96 
21 57-255 TL = SDV * 8.346 + 9.035 0.95 
Haemulon sp. 43 61-258 TL = SL * 4.912- 5.I04 0.94 
(Grunt) 8I 43-258 TL =SW* 8.251 + 0.996 0.95 
82 43-258 TL = SDV * 7.715 + 18.I57 0.93 
Luljanus apodus 10 88-347 TL = SL * 4.965 - 24.689 0.99 
(Schoolmaster snapper) 23 68-347 TL=SW* 10.679-25.319 0.94 
24 68-347 TL=SDV* 10.246-9.614 0.98 
Luljanus grise us 6 102-227 TL = SL * 4.557 + 1.65 I 0.98 
(Grey snapper) 30 99-366 TL =SW* 8.657 + 13.273 0.93 
27 99-366 TL = SDV * 9.326 +IS. IOO 0.94 
Luljanus sp. 30 62-347 TL = SL * 4.719-8.042 0.94 
(Snapper) 84 28-366 TL =SW* 9.389-0.576 0.95 
83 28-366 TL = SDV * 9.748 + 4.728 0.97 
Seams sp. 20 49-230 TL = SL * 5.682- 0.524 0.99 
(Parrotfish) 35 48-230 TL =SW* 9.295 + 4.488 0.98 
31 48-230 TL = SDV * 14.04I + 8.049 0.96 
Sparisoma chrysopterum 12 87-238 TL = SL * 5.710-7.367 0.96 
(Redtaii parrotfish) 58 55-238 TL =SW* I0.798- 8.827 0.94 
49 55-238 TL = SDV * I 3.000 + I 5.082 0.83 
Sparisoma sp. 26 62-238 TL = SL * 5.396- 1.607 0.97 
(Parrotfish) 79 55-238 TL =SW* I 0.578- 8.277 0.95 
69 55-238 TL = SDV * 13.026 + 11.160 0.84 
Sphyraena barracuda 12 95-552 TL = SL * 5.197-28.243 0.99 
(Great barracuda) 44 88-552 TL =SW* I4.328- 2.348 0.98 
41 78-552 TL = SDV * 2 I .548 + 8.586 0.94 
Strongylura nota/a 44 144-375 TL = SL * 5.078 + 44.070 0.86 
(Redtaii parrotfish) 51 106-375 TL =SW* I4.205 + 57.477 0.83 
39 I27-359 TL = SDV * 29.251 + 85.578 0.76 
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Total length 
§_(leci~~ n range (mm) Regression e9 uatioo ~ 
Eucinoslomus jonesii 20 49-135 TL=5SP*I2.898+ 14.189 0.92 
(Slender mojarra) 21 49-135 TL= 5PSP * 17.175 + 12.129 0.81 
Gerres cinereus 65 78-350 TL = 5SP * 12.239 + 6.188 0.97 
(Yellowfin mojarra) 56 83-350 TL = 5PSP * 19.589- 13.772 0.94 
Haenndonjlavolinealum 22 61-198 TL = 5SP * 10.966 + 10.991 0.94 
(French grunt) 24 71-198 TL = 5PSP * 18.027 + 8.667 0.95 
Haemulon plumieri 22 43-239 TL = 5SP * 11.000 + 12.237 0.94 
(White grunt) 22 43-239 TL = 5PSP * 19.722- 0.450 0.95 
Haemulon sciurus 22 53-255 TL = 5SP • 11.438 + 5.359 0.95 
(Bluestriped grunt) 22 53-255 TL = 5PSP * 18.198 + 6.809 0.87 
Haemulon sp. 85 43-258 TL = 5SP * 11.106 + I 0.030 0.95 
(Grunt) 87 43-258 TL=5PSP*I9.097+2.019 0.92 
Luljanus apodus 23 68-347 TL = 5SP * I 0.940 + I 0.954 0.96 
(Schoolmaster snapper) 23 68-347 TL = 5PSP * 18.026- 22.678 0.96 
Luljanus grisezts 33 99-366 TL = 5SP * 10.808 + 16.512 0.97 
(Grey snapper) 33 99-366 TL = 5PSP * 12.487 + 30.840 0.94 
Luljanus sp. 89 28-347 TL = 5SP * 11.329 + 9.999 0.95 
(Snapper) 90 28-347 TL = 5PSP * 13.846 + 13.947 0.95 
Scarus sp. 30 48-230 TL = 5SP * 14.782 + 11.268 0.94 
(Parrotfish) 31 48-230 TL=5PSP*I2.108+ 18.694 0.97 
Sparisoma chrysoplenmz 52 55-238 TL= 5SP * 12.546+23.593 0.92 
(Redtail parrotfish) 57 55-238 TL=5PSP*15.187+ 18.249 0.95 
Sparisoma sp. 70 55-238 TL = 5SP * 13.246 + 19.00 I 0.93 
(Parrotfish) 79 55-238 TL = SPSP * 14.746 + 18.947 0.96 
Sphyraena barracuda 42 88-552 TL=5SP*19.704+5.146 0.98 
(Great barracuda) 46 83-552 TL= 5PSP * 21.135 +20.716 0.99 
Table 5.3. Least squares regression equations relating two spine measurements to total length 
in nine species and four genus of teleost from Bimini, Bahamas. All measurements are in 
millimetres. n = number of measurements; r2 =coefficient of determination. See Figure 5.1 
for locations of each measurement. 
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'l'able 5.4'. Least squares ,regression equations relating three vertebrae measurements to total 
length in nine species and four genus ofteleost from Himini, Bahamas, AIJ, measurements are 
in millimetres. n = number of measurements; r2 =coefficient of determination. See Figure 5.'1 
for locations of each measurement. 
Total length 
Sl!ecies n range ~mm~ Regression eguation r' 
Eucinoslomus jonesii 22 49-135 TL = 5V * 47.506 + 23.929 0.86 
(Slender mojarra) 21 49-135 TL = 5PSPV * 57.057 + 11.862 0.80 
16 79-135 TL = 5PV * 50.058 + 29.342 0.61 
Gerres cinereus 64 78-350 TL= 5V * 50.463 + 13.048 0.96 
(Yellowfin mojarra) 61 83-350 TL = 5PSPV * 57.553 + 9.069 0.94 
60 83-350 TL = 5PV * 61.581 + 12.316 0.94 
Haemul on fl avolineatw11 22 61-198 TL = 5V * 45.566 + 18.783 0.90 
(French grunt) 24 71-198 TL = 5PSPV * 53.535 + 14.489 0.93 
23 71-198 TL = 5PV * 52.486 + 22.552 0.90 
Haemulon plumieri 22 43-239 TL = 5V * 43.625 + 19.621 0.95 
(White grunt) 23 43-239 TL = 5PSPV * 49.229 + 30.890 0.93 
21 43-239 TL= 5PV * 56.989 + 18.192 0.95 
Haemu/on sciurus 23 53-255 TL = 5V * 44.093 + 17.731 0.89 
(Bluestriped grunt) 22 53-255 TL = 5PSPV * 53.139 + 21.414 0.90 
20 53-255 TL = 5PV * 60.415 + 18.091 0.91 
Haemulon sp. 86 43-258 TL = 5V * 44.171 * 19.443 0.92 
(Grunt) 88 43-258 TL = 5PSPV * 50.427 + 22.831 0.92 
83 43-258 TL = 5PV * 55.852 + 19.784 0.91 
Lutjanus apodrts 24 68-347 TL = 5V * 58.929 + 0.826 0.96 
(Schoolmaster snapper) 24 68-347 TL = 5PSPV * 48.499 + 27.006 0.93 
24 68-347 TL = 5PV * 52.427 + 27.720 0.94 
Lutjanus griseus 33 99-366 TL = 5V * 53.176 + 18.310 0.86 
(Grey snapper) 33 99-366 TL = 5PSPV * 56.408 + 5.242 0.91 
33 99-366 TL = 5PV * 54.795 + 29.710 0.88 
Lutjanus sp. 90 28-347 TL = 5V * 51.814 +24.148 0.91 
(Snapper) 91 28-372 TL = 5PSPV * 53.391 + 16.659 0.93 
89 28-372 TL = 5PV * 54.008 + 27.238 0.92 
Seams sp. 30 48-230 TL = 5V * 59.303 + I 0.462 0.96 
(Parrot fish) 32 48-230 TL = 5PSPV * 57.407 + 25.081 0.94 
26 55-230 TL = 5PV * 57.136 + 30.794 0.93 
Sparisoma chrysoplemm 51 55-238 TL = 5V * 52.512 * 7.545 0.84 
(Redtail parrotfish) 57 55-238 TL = 5PSPV * 56.322 + 10.420 0.88 
55 58-238 TL = 5PV * 55.231 + 13.545 0.88 
Sparisoma ~p. 69 55-238 TL = 5V * 52.841 + 9.278 0.88 
(Parrotfish) 79 55-238 TL = 5PSPV * 59.307 + 8.594 0.89 
75 58-238 TL= 5PV * 57.523 + 13.931 0.87 
Sphyraena barracuda 41 88-552 TL = 5V * 58.715 + 28.318 0.98 
(Great barracuda) 46 83-552 TL = 5PSPV * 64.068 + 28.978 0.96 
45 82-552 TL = 5PV * 70.387 + 20.921 0.97 
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Total length 
Species n range (mm) Regression equation r' 
Eucinostomus jonesii (slender mojarra) 20 49-135 TL = VL * 1.913 + 8.747 0.97 
Gerres cinereus (Yellowfin mojarra) 75 78-350 TL = VL * 2.135 + 0.186 0.97 
Haenw/onjlavolineatum (French grunt) 22 71-195 TL = VL * 1.857 + 9.360 0.98 
Haemu/on plumieri (White grunt) 23 43-239 TL = VL * 1.922 + 5.935 0.97 
Haemu/on sciurus (Bluestriped grunt) 19 53-255 TL = VL * 1.914 + 7.565 0.98 
Haemu/on sp. (Grunt) 83 43-258 TL=VL*1.917+6.913 0.98 
Luljanus apodus (Schoolmaster snapper) 23 68-347 TL = VL • 2.178 -I. I 18 0.99 
Luljanus griseus (Grey snapper) 29 99-366 TL = VL * 1.888 + 13.529 0.98 
Luljanus sp. (Snapper) 86 28-372 TL = VL * 2.028 + 5.536 0.97 
Seams ~p. (Parrotfish) 31 48-230 TL = VL * 1.785 + 6.555 0.99 
Sparisoma chtysopterum (Redtail parrotfish) 46 55-238 TL = VL * 1.717 + 7.659 0.98 
Sparisoma sp. (Parrotfish) 67 55-238 TL = VL * 1.740 + 6.338 0.98 
Sphyraena barracuda (Great barracuda) 40 84-552 TL = VL * 1.779 + 9.567 0.99 
Strongy/ura nota/a (Redtail needlefish) 37 144-359 TL = VL * 1.619 + 31.396 0.93 
Table 5.5. Least squares regression equations relating length of vertebral column to total 
length in I 0 species and four genus of teleost from Bimini, Bahamas. All measurements are in 
millimetres. n = number of measurements; r 2 = coefficient of determination. See Figure 5.1 
for locations of each measurement. 
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Total length 
S~ecies n range (mm} Regression eguation r' 
Eucinoslomusjonesii 42 49-135 TL = OL * 30.148-8.835 0.86 
(Slender mojarra) 40 49-135 TL = OW * 46.521-11.277 0.81 
Gen·es cinereus 104 78-350 TL = OL * 44.795-75.639 0.87 
(Yellow fin mojarra) 115 78-350 TL=OW * 117.420-144.040 0.89 
Haemulonjlavolinealum 38 61-198 TL = OL * 24.115-22.425 0.83 
(French grunt) 37 61-198 TL = OW * 32.676- 18.387 0.78 
Haemulon phunieri 33 43-239 TL = OL * 28.984- 48.641 0.97 
(White grunt) 35 43-239 TL = OW * 38.263-36.946 0.92 
Haemulon sciurus 32 53-255 TL = OL * 30.777- 56.320 0.93 
(Bluestriped grunt) 30 53-221 TL = OW * 45.152-62.984 0.90 
Haemulon sp. 136 43-258 TL = OL * 28.407- 40.529 0.87 
(Grunt) 132 43-239 TL = OW * 37.456-28.696 0.81 
Luljanus apodus 29 88-200 TL=OL * 33.191-38.774 0.88 
(Schoolmaster snapper) 29 88-200 TL = OW * 67.733- 70.044 0.88 
Luljanus griseus 45 99-366 TL = OL * 39.083- 74.713 0.95 
(Grey snapper) 44 99-366 TL = OW * 62.598- 57.963 0.90 
Luljanus sp. 134 28-372 TL = OL * 30.347- 29.707 0.86 
(Snapper) 133 28-372 TL = OW * 53.327-37.487 0.82 
Scarussp. 38 48-230 TL = OL * 38.983 - 17.987 0.94 
(Parrotfish) 41 48-230 TL = OW * 53.917 + 3.866 0.90 
Sparisoma ch1ysoptenun 81 58-238 TL = OL * 57.452- 44.653 0.84 
(Redtail parrotfish) 83 58-238 TL=OW * 105.810-62.791 0.82 
Sparisoma sp. 105 58-238 TL = OL * 54.658- 38.131 0.87 
(Parrotfish) 107 58-238 TL = OW * 96.094-47.793 0.81 
Sphyraena barracuda 65 88-455 TL = OL * 56.522-87.471 0.94 
(Great barracuda) 72 88-552 TL = OW * 133.540- 111.790 0.95 
Strongylura nota/a 52 127-375 TL = OL * 58.595 + 32.157 0.92 
(Redfin needlefish) 54 127-375 TL = OW * I 09.590 + 13.822 0.90 
Table 5.6. Least squares regression equations relating length and width of otoliths to total 
length for I 0 species and four genus of teleost from Bimini, Bahamas. All measurements are 
in millimetres. n =number of measurements;?= coefficient of determination. See Figure 5.1 
for locations of each measurement. 
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5.3.3.4 Pharyngeal teeth measurements 
Regressions of pharyngeal teeth to total length were second in accuracy to vertebral column 
length and their high r 2 values (Table 5.7) and occurrence in shark stomachs intact makes 
them an excellent bone for original size estimation. Pharyngeal tooth median (PTM) provides 
a useful measurement in mojarras as the two parts can separate during digestion requiring 
measurement of pharyngeal tooth width (PTW). 
5.3.4 Crustacean carapace-length regressions 
All the measurements of crab carapace were significantly correlated with carapace width with 
r
2 
values ranging from 0. 73 to 0.99 (Table 5.8). Carapace measurements were generally more 
accurate than claw or swimmerette measurements, with the distance between the outer margin 
of the eye orbit to the tip of the antero-lateral spine (ESO-CP) resulting in the most accurate 
regression for estimating carapace width. Regressions using the cheliped (CL and FL) resulted 
in the lowest r 2 values (0.44 and 0.33 respectively). Unlike many of the regressions for 
teleosts presented here, those calculated for the swimming crab genus Callinectes ~p. were 
more accurate at predicting original carapace width than species-specific regressions for the 
common blue crab (C. sapidus) and the ornate blue crab (C. ornatus). 
In shrimp, measurements of rostrum length resulted in the least accurate regression equation 
(r2 0.71) for calculating total length (Table 5.8). The variability in rostrum length also affected 
the accuracy of head length (HL) measurements in predicting total length. The most accurate 
shrimp measurements for predicting total length were carapace length (r2 0.94, excluding the 
rostrum) and uropod length (0.90). 
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Total length 
S~ecies n range ~mm} Regression eguation .-z 
Gerres cinereus 44 78-350 TL = PTL * 12.798 + 1.708 0.95 
(Yellowfin mojarra) 39 78-350 TL = PTW * 14.050- 1.486 0.97 
45 78-350 TL = PTM * I 8.569 + 7.560 0.95 
Scamssp. 11 48-214 TL = PTL * 13.272 + 1.036 0.99 
(Parrot fish) 12 48-214 TL = PTW * 31.191 + 3.123 0.98 
Sparisoma chrysoptemm 45 55-238 TL = PTL * 11.006-6.915 0.93 
(Redtail parrotfish) 48 55-238 TL = PTW * 22.638- 0.217 0.91 
Sparisoma sp. 50 55-238 TL = PTL * 10.904-6.317 0.95 
(Parrotfish) 53 55-238 TL = PTW * 22.515- 0.182 0.93 
Table 5.7. Least squares regression equations relating length, width and median of pharyngeal 
teeth to total length for two species and two genus of teleost from Bimini, Bahamas. All 
measurements are in millimetres. n = number of measurements; r2 = coefficient of 
determination. See Figure 5.1 for locations of each measurement. 
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Size 
S~ecies n range (mm) Regression eguation .-z 
Callinec/es sp. 53 13-167 CW = ESI * 4.329 + 10.196 0.95 
(Blue crabs) 54 13-167 CW = ESO * 2.342 + 1.201 0.98 
55 13-167 CW = ESO-CP * 2.216 + 5.351 0.99 
56 13-167 CW = CW2 * 3.388 + 1.314 0.97 
56 13-167 CW = A W * 2.880- 2.367 0.95 
86 12-167 CW =CL* 1.586 + 12.306 0.93 
66 17-167 CW = FL • 3.460 + 14.054 0.91 
103 12-167 CW = SL • 4.602 + 6.166 0.97 
103 12-167 CW =SW* 7.325 + 7.136 0.97 
------------
-
C. sapidus 16 55-167 CW = ESI * 4.185 + 12.497 0.82 
(Blue crab) 18 55-167 CW = ESO • 2.479-7.102 0.92 
18 55-167 CW = ESO-CP • 2.151 + 9.005 0.97 
19 55-167 CW = CW2 • 3.258 + 8.611 0.90 
19 55-167 CW = A W * 2.894 + 1.670 0.94 
26 92-167 CW =CL * 1.494 + 22.203 0.44 
21 92-167 CW = FL * 3.145 + 26.237 0.33 
34 55-167 CW = SL * 4.340 + 14.124 0.92 
34 55-167 CW =SW* 6.837 + 15.430 0.89 
C. oma/us 31 13-107 CW=ESI* 5.344+2.612 0.99 
(Ornate blue crab) 31 13-107 CW = ESO • 2.584- 2.381 0.99 
31 13-107 CW = ESO-CP * 2.231 + 4.725 0.99 
30 13-107 CW = CW2 * 3.095 + 3.845 0.94 
30 13-107 CW = A W * 2.352 + 4.183 0.94 
52 12-107 CW =CL* 1.692 + 10.07 0.96 
33 17-98 CW = FL * 4.169 + 8.001 0.95 
61 12-107 CW = SL • 4.635 + 5.171 0.98 
61 12-107 CW =SW* 7.794 +4.281 0.98 
----
Penaeus duorarum 26 22-92 TL = HL • 2.733 + 3.024 0.90 
(American pink shrimp) 24 22-102 TL =CL • 3.949 + 0.221 0.94 
23 22-92 TL = RL • 3.220 + 16.079 0.71 
20 22-102 TL =TelL* 8.812-6.918 0.87 
21 22-102 TL = LSL * 8.351 + 0.377 0.90 
49 22-102 TL = UL * 5.805 + 1.106 0.92 
Table 5.8. Least squares regression equations relating carapace measurements of two species 
and one genus of crab and one species of shrimp from Bimini, Bahamas. n = number of 
measurements; r2 = coefficient of determination. Note: size range is carapace width in crabs 
and total length in shrimp. See Figure 5.2 for locations of measurements. 
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5.4 Discussion 
5.4.1 Novelty of this study 
This study is the first of its kind to apply modern digital technology to the measurement of 
bones, facilitating back calculation of original prey total length. Digital imagery and computer 
software made measuring bones quick, easy and accurate. The production of these skeletons 
included a reference collection of almost I 00 species found in the waters of the Bahamas. 
Digital images provided a permanent reference collection that was used for the identification 
of shark stomach contents, a benefit that other researchers have reported for osteological 
collections (e.g. Hansel et al., 1988; see Chapter 3). 
5.4.2 Regression choice 
In this study, fourteen fish bones, six shrimp and ten crab carapace dimensions were measured 
to produce least-squares linear regressions to total length and carapace width. This large 
number of measurements was taken to maximise the chance of obtaining a suitable 
measurement from shark stomach content remains. All of the bone measurements presented 
here were significantly related to total length in ten species of teleost and one species of 
shrimp, and to carapace width in two species of swimming crab. These measurements are 
listed in order of accuracy (highest average r 2 value first) and should be used in this order 
when calculating original size from stomach content remains (see section 5.2.3.1 for 
explanations ofteleost codes, 5.2.3.2 for shrimp codes and 5.2.3.3 for crab codes): 
Teleosts: VL > PTL > SL > PTW > 5SP > PTM > SW> 5PSP > SDV > 5V > 5PSPV > OL > 
SPY> OW 
Crabs: ESO-CP > ESI > SL > ESO > CW2 > SW> A W > FL >CL 
Shrimp: CL> UL > LSL > HL > TELL> RL 
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5.4.3 Teleost measurements 
Bone measurements in teleosts generally produced more accurate regressions to total length 
than crab or shrimp carapace measurements. Vertebral column length, pharyngeal tooth length 
and skull length produced the most accurate bone-total length regression equations. In the 
absence of these, measurements of spine lengths and centra provided useful regressions as 
long as their exact location was known. 
Otolith measurements produced the least accurate regression equations and therefore should 
only be used when all other measurements are not readily available. The disparity in otolith 
measurements may be due to variations in morphology with fish age (Scott, 1906) or season 
(Reay, 1972). Furthermore, acidic preservatives (such as formaldehyde) are known to dissolve 
otoliths resulting in unreliable otolith-fish length relationships (McMahon and Tash, 1979). 
Although the bones measured in this study were not preserved in formaldehyde, 
elasmobranchs typically excrete more gastric fluid than teleosts resulting in stomach pH 
dropping as low as 1.0 (Fiinge and Grove, 1979). Otoliths can be used to identify prey due to 
species-specific diagnostic features (Jobling and Breiby, 1986), but their use in predicting 
original prey size from elasmobranch stomach contents may be limited. 
The high acidity of shark stomachs was the principal reason behind using bones on the axial 
skeleton for predicting teleost total length. Opercular and jawbone measurements have been 
used to estimate original size of prey in piscivorous teleosts (e.g. Newsome, 1977; Hansel et 
al., 1988) but they were rarely recovered intact from lemon shark stomachs. Bones on the 
axial skeleton are protected by scales and flesh and are usually present in lemon shark 
stomachs until the later stages of digestion (Pers obs). All the measurements used to predict 
original total length depend on their condition on recovery from the sharks' stomach, with 
damaged or digested bone measurements inappropriate for size estimation. For this reason, 
pharyngeal teeth measurements are probably better than vertebral column length (VL) 
because they were recovered intact more often. Pharyngeal arches have been used for 
identification and size estimation in temperate teleosts (Newsome, 1977; Mann and 
Beaumont, 1980; Mclntyre and Ward, 1986) and have been demonstrated to result in more 
accurate estimates of fish length than measurements of the cleithrum and opercule (Mclntyre 
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and Ward, 1986). The current study demonstrates the accuracy of estimation of total length of 
tropical teleosts from the measurement of pharyngeal teeth and recommends their use. 
5.4.4 Crustacean measurements 
The variability between the accuracy of bone measurements in teleosts and carapace 
measurements in crustaceans in predicting original total length/carapace width is probably due 
to exoskeleton deformities that occur during moulting and autotomy. Distance between the 
outer edge of the eye orbit and the antero-lateral spine (ESO-CP), or between the inner 
margins of the eye orbits (ESl), were the most accurate measurements for determining 
carapace width in crabs. Measurements of chelipeds and swimmerettes of crabs should be 
used with caution because autotomy, the voluntary shedding of a limb, is probably the 
principal cause of the lower r 2 values for these regressions and it may not always be possible 
to discern if a cheliped is at full size or partially regenerated when it is recovered from a 
stomach content sample. Carapace length was the most accurate measurement in shrimp, with 
rostrum length the least accurate for predicting original total length. Damage to the rostrum is 
probably the cause of the low accuracy of rostrum and head length (HL) measurements in 
predicting total length. 
5.4.5 Use of internal measurements 
In addition to the measurements presented here some external measurements were taken, 
however estimation of original size was more accurate using bone dimensions. External 
morphological measurements, such as eye diameter, depth of head or caudal peduncle depth 
have been used by other researchers to calculate original size in fish (Crane et al., 1987; 
Serafy et al., 1996; Scharf et al., 1997). Although external measurements may be highly 
reliable estimators of original prey size for recently consumed prey, they are more susceptible 
to error due to digestive processes altering external morphology (Scharf et al., 1998). 
Therefore, despite being more labour intensive, internal bone measurements were preferred 
taking into consideration the strong digestive acids in elasmobranch stomachs. 
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5.4.6 Use of total length in this study 
From the limited literature describing similar regression analysis for determining original prey 
size in fish, different researchers have correlated bone and morphological lengths with fork 
length (Mclntyre and Ward, 1986; Hansel et al., 1988; Feltham and Marquiss, 1989; Scharf et 
al., 1998), standard length (Newsome, 1977), and total length (Pikhu and Pikhu, 1970; Serafy 
et al., 1996; Scharf et al., 1998). Fork length was measured when possible and using least-
squares regression analysis a significant relationship with total length was found, indicating 
no significant variation in the two measurements. Due to the lack of caudal fork in some 
species (e.g. toadfish, Batrachoididae; gobies, Gobiidae; filefish, Monacanthidae and 
parrotfish, Scaridae) and the strong relationship found between fork and total length, total 
length was used throughout this study. 
5.4. 7 Considerations/Use of bone-total length regressions 
There are a few limitations that should be considered before using these regression equations 
to predict original size of prey from stomach content analysis. Firstly, although the size ranges 
for each regression were maximised, they should be used with caution on fish outside these 
ranges because allometric relationships may not remain constant with changes in fish size 
(Scharf et al., 1998). Secondly, the measurements presented here were from fresh or frozen 
fish. Preserving samples in formaldehyde (strong acid), or unbuffered formalin (weak acid), 
can result in damage to calcareous structures, resulting in error in measurements (Fitch and 
Brownell, 1968; Clarke, 1978; McMahon and Tash, 1979). In the absence of the facility to 
freeze or analyse fresh samples, we recommend alcohol as a better alternative. Although 
alcohol can harden soft tissue and make it harder to sort it does not damage bone (Jobling and 
Breiby, 1986). 
The bone-total length and length-weight regression equations presented here can be used to 
determine original prey total length and weight. Combining back-calculated estimates in this 
fashion may compound error in estimates of prey weight, but a separate equation was used 
because it had a larger sample size, resulting in more precise predictions of weight. Finally, 
although most of the regressions presented here are species-specific, measurements were also 
pooled to provide estimates for different genera. Increases in the r 2 values for regressions to 
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genus are probably as a result of a larger sample size and range, but they should be used with 
caution. Species-specific variations may be diluted in these regressions and if identification to 
species level is not possible (e.g. due to the digestive process) they may prove useful in 
estimating original size. 
5.4.8 Conclusion 
This study has shown that internal bone measurements provide accurate regression equations 
for original prey size estimation in tropical teleosts. In elasmobranchs, where the highly acidic 
stomach can reduce the accuracy of measurements by eroding calcareous structures, care must 
be taken in the choice of bone used to estimate total length. A wide range of measurements is 
presented here enabling flexibility when estimating original size from stomach content 
remams. The regressions presented here should increase the amount of dietary information 
obtained from stomach content analysis of any piscivore in the Caribbean and Gulf of 
Mexico. 
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Chapter 6 
Prey size, meal size and daily ration estimates of juvenile lemon sharks 
Abstract 
Literature on the size of prey in sharks, including the lemon shark, is predominantly limited to 
qualitative observations, with larger sharks eating larger prey. The size of prey consumed by 
elasmobranchs is rarely quantified due to the effects of digestion. The least squares regression 
equations presented in Chapter 5 were used to estimate original size of prey in nursery-bound, 
juvenile lemon sharks (Negaprion brevirostris) to provide the first quantitative multi-species 
description of prey size in an elasmobranch. In addition, this study used prey sizes estimated 
from bone measurements to calculate meal size and subsequently daily ration. Original size 
was obtained for 350 dietary items, with 85 % of these measurements calculated using the 
osteology regressions. Regressions using skull dimensions, pharyngeal teeth, vertebral 
column length and swimmerette dimensions were the most useful, estimating original size in 
78 % of teleosts and 74 % of swimming crabs identified in juvenile lemon shark stomach 
contents. Prey size of juvenile lemon sharks was species dependent, ranging from 22 to 63 7 
mm total length, and with needlefish, barracuda, mojarra, grunts and snappers the largest 
prey. Lemon sharks demonstrated a significant ontogenetic shift in prey size (ANOV A, P < 
0.001), with juveniles over 60.0 cm PCL eating significantly larger prey. Juvenile lemon 
sharks demonstrated no significant spatial or temporal variation in the size of prey consumed 
(Kolmogorov-Smimov and Student's t-tests, P > 0.05). Estimates of meal size were greatly 
overestimated by traditional back calculation techniques using stage of digestion values and 
instantaneous rates of digestion. Use of bone-length regressions enabled a more accurate 
estimate of meal size (2.17 ± 0.17% BW, mean± S.E., range 0.01 to 21.4% BW, n = 407) 
and subsequently daily ration, 1.31 - 1.80% BW (depending on shark size), in comparison to 
an estimate of 3.29 % BW from stage of digestion estimates of original meal size. Use of 
bone-length regressions avoids potential error due to differential digestion rates and is 
therefore recommended in the calculation of daily ration in elasmobranchs. 
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6.1 Introduction 
Most studies of shark diet investigate dietary composition and variations with respect to 
location, season, shark sex or shark size (ontogenetic variations). The diet of lemon sharks has 
been quantitatively studied in this manner (Schmidt, 1986; Cortes and Gruber, 1990; Chapter 
3) and like most shark species, their choice of prey and the size of prey have never been 
quantitatively investigated. 
Literature on the size of prey in sharks, including the lemon shark, is predominantly limited to 
qualitative observations, with larger sharks eating larger prey (Jardas, 1972, 1979; Capape, 
1974; Stillwell and Kohler, 1982; Lyle, 1983; Klimley, 1985; Schmidt, 1986; Lowe et al., 
1996). Currently there are only three published studies that have quantitatively presented prey 
size in elasmobranchs. Prey size in blue sharks, Prionace glauca, was determined using an 
otolith length-fish length relationship (Harvey, 1989), a technique that is questionable due to 
the highly acidic stomachs of elasmobranchs preventing accurate otolith measurement and 
back calculation of prey size (see Chapter 5). Prey size ofBonnethead sharks, Sphyrna tiburo, 
was determined by a length-width relationship in the blue crab, Callinectes sapidus (Cortes et 
al., 1996), whilst prey size was quantitatively presented for blacktip sharks Carcharhinus 
limbatus, but the methods and species were not defined (Heupel and Heuter, 2002). 
This lack of quantitative work means there is a large gap in the knowledge of sharks and their 
prey choice. An understanding of prey size helps elucidate prey choice and selectivity of a 
predator, as well as aiding in the estimation of predation impact. Knowledge of prey size also 
has wider implications such as estimation of meal size, feeding periodicity and daily ration, 
energy intake, bioenergetics and trophic modelling. 
The main objective of this study is to identify, for the first time, the prey size of juvenile 
lemon sharks and provide the first quantitative multi-species analysis of prey size in any 
elasmobranch. Original prey size will be back calculated using bone-length regressions and 
measurements of bones recovered from the stomachs of juvenile lemon sharks (Chapter 5). 
Prey size will be compared between two shark nurseries of contrasting productivity and 
biodiversity, as well as with respect to season, shark size and shark sex. In addition, species-
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specific length-weight equations (see Chapter 5) are employed to determine original meal size 
and daily ration estimates. A comparison is made between meal size and daily ration estimates 
using bone-length regressions, and traditional back-calculation using stage of digestion values 
and instantaneous rates of digestion. 
6.2 Materials and methods 
6.2.1 Study Site 
The study was conducted in two contrasting shark nurseries, North Sound and South Bimini, 
at Bimini, Bahamas (25°44' N, 79°16' W). The North Sound is more enclosed than South 
Bimini and subsequently has greater temperature and salinity fluctuations resulting in reduced 
primary productivity (Chapter 2) and reduced biodiversity (Chapter 4). 
6.2.2 Shark collection 
Lemon sharks and their stomach contents were collected using the techniques described in 
Chapter 2 (sections 2.2. I and 2.2.2). For the purpose of determining prey size, prey items 
were measured to the nearest millimetre when recovered whole, with items that could not be 
directly measured cleaned, prepared and photographed as described in Chapter 5 (section 
5.2.2). 
6.2.3 Statistical analysis 
6.2.3.1 Pnysize 
Original prey sizes were determined using bone-length regression equations to back calculate 
total length from measurements of recovered bones or carapace dimensions from shark 
stomachs (see Chapter 5). "Prey size" throughout this study refers to total length (TL) in fish 
and shrimps, and carapace width (CW) in crabs. All prey sizes were pooled for analysis, 
rather than separating fish from crabs due to the lack of importance of crustaceans in the diet 
of juvenile lemon sharks (see Chapter 3). Variations in mean prey size of juvenile lemon 
sharks with location (North Sound and South Bimini), sex (male and female) and season (wet 
and dry) were tested using the Student's /-test. Data from distributions that were not normal 
were either log 10 transformed or their distributions compared with a Kolmogorov-Smirnov 
test. Species-specific prey sizes are presented for the purpose of determining species-specific 
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prey size selectivity (see Chapter 7), although mean sizes could not be compared for all prey 
species due to small sample sizes. 
To elucidate ontogenetic variation in the size of prey of juvenile lemon sharks, shark sizes 
were pooled by precaudal length (PCL) into five groups: <50.0 cm, 50.1-55.0 cm, 55.1-60.0 
cm, 60.1-65.0 cm and >65.1 cm. Growth rates in Bimini are approximately 6 cm yr" 1, with 
neonates averaging 51 cm PCL (Barker et al., in press). Therefore, size classes correspond 
quite closely to age, with the smallest two size classes age 0, 55.1-60.0 cm PCL age I, 60-65 
cm PCL age 2 and >65 cm PCL age 3+. Ontogenetic variation in predator-prey size 
relationships were tested using an ANOV A after an F-test was first used to confirm equal 
variances. If variances were not equal then a Kruskal-Wall is test was used to compare median 
prey size of each shark size group. Fisher's least significant difference (LSD) procedure was 
used to identify homogenous groups. 
6.2.3.2 Meal size 
Meal size was determined as percent body weight (% BW). Two techniques were used for 
determining meal size: (I) converting estimated original prey sizes to wet weights (g) using 
species-specific length-weight equations (see Chapter 5) and (2) by estimating the time that an 
item has spent in the stomach and back calculating the original weight using the instantaneous 
rate of gastric evacuation. The amount of time an item has spent in the stomach was estimated 
using the stage of digestion scale proposed for the juvenile lemon shark by Cortes and Gruber 
( 1990), with the instantaneous rate of gastric evacuation (R = -0.175) determined in juvenile 
lemon sharks by Schurdak and Gruber (1989). Differences in the distribution of meal size 
estimates using the two calculation methods were tested with the Kolmogorov-Smirnov test. 
Mean meal sizes (% BW) were log10 transformed to normalise the data, with differences in 
location and season tested using the Student's /-test and ontogenetic variation by an ANOV A 
once the data were tested for homoscedascity. 
6.2.3.3 Estimation ofDaily Ration 
Daily ration was estimated according to Diana ( 1979) and calculated as meal size divided by 
meal frequency. Meal frequency (F) was estimated by: 
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F=B/1-E (I) 
where B is total time to complete gastric evacuation and E is the proportion of empty 
stomachs in the population. Time to complete gastric evacuation (B) was 24.5 hours for 
captive juvenile lemon sharks fed a 2.7% BW meal of blue runner, Caranx chrysos, at 25°C 
(Schurdak and Gruber, 1989). Seasonal variation in daily ration was calculated using 
estimates of gastric evacuation from preliminary digestion experiments using juvenile lemon 
sharks and their main prey at Bimini, yellowfin mojarra Gerres cinereus (Newman unpub 
data). These experiments estimated complete gastric evacuation of a 2.5% BW meal to be 23 
hours in the wet season (30 °C) and 28 hours in the dry season (23 °C). Daily ration estimates 
were calculated for each meal, enabling calculation of ranges, standard error and subsequently 
statistical comparison with respect to location, season, sex and shark size within the nursery. 
6.3 Results 
6.3.1 Condition of prey 
Two hundred and eighty (48.9 %) of the 573 fish recovered from lemon sharks' stomachs 
were consumed whole. Anterior parts (e.g. skulls, pharyngeal teeth, anterior portion of 
ve1iebral column) were present in another 23 % of examined stomachs. Recovery of only 
posterior portions of the vertebral column (with no other bones) was rare (6.5 % of 
occurrences), suggesting fish were usually eaten headfirst. One third of all crabs were 
consumed whole, but the digestive process usually prevented direct measurement of carapace 
width. 
6.3.2 Application of regressions 
A summary of the number of measurements taken from lemon shark prey, the number of prey 
that could be used to back calculate original size, as well as the number of prey that were the 
only measurement to calculate prey size, is provided in Table 6.1. Skull dimensions, ve1iebral 
column length and pharyngeal teeth could be used to estimate original size in 219 (76 %) of 
the 288 fish possible to measure. Spine and centra were essential to estimate original size in 
49 ( 17 %) teleosts, as they were the only bones present. Although 100 measurements of fish 
otoliths were taken, they were only necessary in determining original size in eight (2.8 %) 
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teleosts when other bones were not present. Swimmerettes were the most useful measurement 
for size determination in swimming crabs due to their high occurrence in lemon sharks' 
stomachs, despite their relatively low r2 values. Swimmerette measurements were essential in 
estimating original length in 74 % of all swimming crabs in the diet of juvenile lemon sharks. 
Carapace length (CL) and telson length (TelL) could be used to estimate original size in over 
half of all shrimps. However, penaeid prey items regularly had more than one measurement 
available for original size estimation, so no one measurement stood out as more important. 
Out of the 714 dietary items recovered from juvenile lemon shark stomachs (see Chapter 2) 
no measurements were possible for 306 prey items due to either lack of appropriate bones or 
lack of identification due to recovery in a late stage of digestion. Fifty-one prey items ( 13 %) 
could be directly measured and bone length-total length regression equations were used to 
calculate original size in the remaining 350 prey (288 fish, 27 crabs and 35 shrimps, Table 
6.1 ), increasing the sample size of prey of know length by 686 %. Overall, original size was 
obtained for 40 I prey items, with 86 % of these measurements back calculated using bone-
length regressions. 
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No. of prey size 
Total No. of prey size determinations 
Bone/Carapace number of determinations using using n single bone 
measurement measurements bone measurement measurement 
Fish (288) 
Skull 295 140 (48.6) 25 (8.7) 
Anterior 210 115 (39.9) 25 (8.7) 
Posterior 169 69 (24.0) 24 (8.3) 
Vertebral col. 76 76 (26.4) 39 (13.5) 
Pharyngeal teeth 152 63 (21.9) 47 (16.3) 
Otoliths 100 33 (11.5) 8 (2.8) 
Other 9 6 (2.1) 2 (0.7) 
Crabs (27) 
Eye orbit 5 4 (14.8) 3 (11.1) 
Carapace/abdomen I I (3.7) 0 (0.0) 
Cheliped 3 3 (11.1) 3(11.1) 
Swimmerette 44 20 (74.1) 20 (74.1) 
Shrimp (35) 
Rostrum 12 7 (20.0) I (2.9) 
Carapace 13 13(37.1) 2 (5.7) 
Telson 14 14 (40.0) 4 (11.4) 
Last segment 9 9 (25.7) 0 (0.0) 
Uropod 17 12 (34.3) 0 (0.0) 
Other 9 10 (28.6) 6 (17.1) 
Table 6.1. Summary of the number of bone measurements from different parts of prey items 
recovered from lemon sharks' stomachs and the number of dietary items that they can be used 
to predict original length. Original length could be calculated in 288 fish, 27 crabs and 35 
shrimp recovered from lemon shark stomachs. Values in parentheses are percentages of the 
total number of fish, crab or shrimp original lengths that could be calculated using a certain 
measurement. For example: 295 fish skull measurements (column I) were taken and could be 
used to estimate original length in 140 (48.6 %; column 2) of the 288 fish that had total 
lengths estimated using bone regressions. Original size in 25 (8.7 %; column 3) of these 140 
fish could only be estimated using skull measurements as no other bones were present. For 
locations and descriptions of each measurement see Chapter 5. 
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6.3.3 Spatial and temporal variation in prey size of juvenile lemon sharks 
Prey of juvenile lemon sharks at Bimini ranged in size from 22 to 637 mm TL, with a mean 
size(± I S.E.) of 124 ± 3.8 mm TL (n = 40 I prey items; Figure 6.1 ). Sharks off South Bimini 
consumed slightly larger prey (123 ± 6 mm TL, n = 145) than sharks in the North Sound (121 
± 5 mm TL, n = 256). However, there was no significant difference in the mean size of prey 
consumed by lemon sharks in the North Sound and off South Bimini in either the dry season 
(Kolmogorov-Smimov test, P = 0.263) or the wet season (t-test, P = 0.969; Figure 6.1 ). There 
were no significant differences in the mean size of each prey species in the diet of lemon 
sharks in the North Sound or South Bimini (t-test, P > 0.05). There was also no significant 
seasonal variation in mean prey size of juvenile lemon sharks in the North Sound (Hest, P = 
0.238) or South Bimini (Kolmogorov-Smirnov test, P = 0.803; Figure 6.1 ).Prey size in the 
diet of juvenile lemon sharks varied with prey species (Figure 6.2), with needlefish 
(Belonidae), barracuda (Sphyraenidae), mojarra (Gerreidae), grunts (Haemulidae) and 
snappers (Lutjanidae) the largest prey in the diet of juvenile lemon sharks. 
Eighty percent of all lemon shark prey were between 5 and 25 % of the sharks' total length, 
with a mean size(± I S.E.) of 17.5 ± 0.5 %shark total length (Figure 6.3). Although juvenile 
lemon sharks generally ate smaller prey, they also regularly consumed prey up to half their 
total length, although large prey were not always ingested whole. Shark precaudal length 
related to predicted prey size was best described by the linear equation: Prey length = 
3.5741 *shark PCL- 71.626 (n = 40 I, r2 = 0.08), but suggested little relation between the size 
of juvenile lemon sharks and their prey. 
6.3.4 Ontogenetic variation in prey size 
Juvenile lemon sharks at Bimini demonstrated a significant ontogenetic shift in mean prey 
size (ANOVA, P < 0.001; Figure 6.4). Fisher's least significant difference (LSD) procedure 
identified two homogenous groups, with sharks over 60 cm PCL consuming significantly 
larger prey than smaller sharks. 
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Figure 6.1. Length-frequency distributions of the prey of juvenile lemon sharks (Negaprion 
breviroslris) in the South Bimini nursery during the dry (panel A) and wet season (B) and in 
the North Sound nursery during the dry (C) and wet season (D). Dry season is from 
November to April and the wet season from May to October. Sample sizes are the total 
number of prey of known (and calculated) length. Lengths are total length in fish and shrimps, 
carapace width in crabs and disc width in rays (all in millimetres). Mean prey size did not 
vary seasonally in either the North Sound (/-test, P > 0.05) or South Bimini (Kolmogorov-
Smirnov test, P = 0.803), or between nurseries in either the dry season (Kolmogorov-Smirnov 
test, P = 0.263) or the wet season (/-test, P = 0.969). 
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Figure 6.3. Percentage frequency histogram of prey sizes as percentage of predator body 
length (% BL, calculated as [Prey TL/Predator TL]* I 00) for 401 prey items in the diet of 
juvenile lemon sharks, Negaprion brevirostris, at Bimini, Bahamas. 
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(ANOVA, P < 0.001). 
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6.3.5 Variation in prey size with shark sex 
There was no significant difference in prey size with shark sex in the North Sound (t-test, P = 
0.802) with male sharks consuming prey of a similar size (126 ± 7 mm TL, mean± S.E., n = 
124) to females (123 ± 7 mm TL, mean ± S.E., n = 133). Female sharks off South Bimini 
consumed larger prey ( 134 ± I 0 mm TL, mean ± S.E., n = SS) than males ( 117 ± 8 mm TL, 
mean± S.E., n = 89), although there was no significant differences in the distributions of prey 
sizes consumed (Kolmogorov-Smimov test, P = 0.108). 
6.3.6 Meal size 
Estimates of meal size varied significantly with technique, with original prey sizes greatly 
overestimated using the stage of digestion scale (Kolmogorov Smimov test, P < 0.0 I). Prey 
that could not be positively identified as being consumed whole by juvenile lemon sharks had 
to be excluded from the meal size estimates. Mean meal size (± I S.E.) using bone-length 
regressions was 2.17 ± 0.17% BW (range 0.0 I to 21.4% BW, n = 397 meals) in comparison 
to 9.14 ± 0.73% BW (range 0.0002 to 176.1 % BW, n = 713 meals) from the stage of 
digestion values. Although lemon sharks would occasionally take large meals (up to 20 % 
B W), most meals were small, with 86% of all meals less than 4 % B W (Figure 6.S). Analysis 
of mean meal size with respect to location, season, sex and shark size revealed identical trends 
to prey size due to the strong relationship between prey length and wet weight (see Chapter 
S). 
6.3. 7 Daily Ration 
Meal frequency (F) was 39.7 h (24.S/I-0.3826; hours to digest a meal divided by the 
proportion of empty stomachs) or 1.6S days. Daily ration of nursery-bound juvenile lemon 
sharks at Bimini, with an average meal size of2.22% BW (osteology estimate), was 1.34% 
BW/d (2.22 mean shark weight I 1.6S meal frequency). Overestimation of meal size using the 
stage of digestion scale resulted in an overestimation of daily ration (S.S4 % B W/d, 
9.14/1.6S). Removal of outliers from stage of digestion estimates of meal size almost halved 
the sample size (n = 391 reduced from 723) and resulted in a slightly reduced but still 
overestimated daily ration of 3.29 % B W/d. 
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squares regressions from measurements of bone lengths recovered from stomachs of juvenile 
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Separate estimates of daily ration using the original meal size calculated from the osteological 
regressions were made for each location, season, sex and size classes (Table 6.2). Although 
estimates of lemon shark daily ration in the North Sound were greater year-round than sharks 
off South Bimini (Table 6.2), this was not significant in either the wet season (t-test, P = 
0.933) or the dry season (Kolmogorov-Smimov test, P = 0.08). Juvenile lemon sharks had a 
larger daily ration in the wet season in both nurseries (Table 6.2) but this was not significant 
in the North Sound (t-test, P = 0.472) or South Bimini (Kolmogorov-Smirnov test, P = 0.946). 
Estimates of juvenile lemon shark daily ration did not vary significantly with sex (/-test, P = 
0.358, Table 6.2) or size of shark (Kruskal-Wall is test, P = 0.435, Table 6.2). 
Table 6.2 also presents daily ration and consumption rates (expressed as grams per day), 
annual consumption (in kg) and body weight consumed, which is the number of times an 
equivalent body weight is consumed in a year. Although larger sharks had the same estimates 
of daily ration, their larger mass means they consume more than smaller sharks. Annual 
consumption estimates enable comparisons with other species and sizes of sharks. 
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Meal DaiJy ration Daily ration Average Daily Annual Body 
frequency Meal size (% BW/d) range shark wt ration consumption weight 
~da~s~ ~%BW} ± 1 S.E. {n~ {% BW/d} {g~ {g/da~} ~kg} consumed 
Lemon shark total 1.65 2.22 1.34 ± 0.10 (397) 0.01-12.94 1850 24.84 9.07 4.90 
Wet season 1.70 2.42 1.42 ± 0.17(173) 0.01- 12.60 1770 25.21 9.21 5.20 
Dry season 1.70 2.06 1.21 ± 0.12 (224) 0.01 - 11.71 1920 23.26 8.49 4.42 
All male sharks 1.58 2.27 1.44±0.15(212) 0.01 - 11.85 1870 26.92 9.83 5.26 
All female sharks 1.73 2. 16 1.25±0.15(185) 0.01 - 12.35 1810 22.56 8.24 4.55 
North Sound 1.63 2.50 1.53 ± 0.15 (255) 0.01 - 13.13 1770 27.14 9.91 5.60 
North Sound wet 1.70 2.60 1.53 ± 0.20 (121) 0.00- 11.82 1742 26.66 9.74 5.59 
North Sound dry 1.65 2.41 1.46 ± 0.22 (134) 0.01 - 13.76 1789 26.06 9.52 5.32 
South Bimini 1.68 1.71 1.02±0.12(142) 0.01 - 11.15 1970 20.10 7.34 3.73 
South Bimini wet 1.70 2.00 1.18 ± 0.24 (52) 0.00 - 10.32 1957 23.02 8.41 4.30 
~ South Bimini dry 1.78 1.54 0.86 ± 0.13 (90) 0.01 - 7.14 1816 15.69 5.73 3.16 00 
Size classes 
<50.0 cm PCL 1.73 2.18 1.26 ± 0.25 (57) 0.02-8.73 1205 15.22 5.56 4.61 
50.1-55.0 cm PCL 1.69 2.24 1.33 ± 0.15 (205) 0.01- 12.69 1478 19.63 7.17 4.85 
55.1-60.0 cm PCL 1.60 1.89 l.18 ± 0.24 (73) 0.01 - 9.83 1984 23.47 8.57 4.32 
60.1-65.0 cmPCL 1.48 2.27 1.53 ± 0.37 (35) 0.02 - 10.05 2490 38.06 13.90 5.58 
>65.1 cm PCL 1.81 2.93 1.61 ± 0.41 (27) 0.00 - 6.69 3165 51.10 18.66 5.90 
Table 6.2. Daily ration estimates as % BW/d, g/day and annual consumption (kg) of nursery-bound juvenile lemon sharks at 
Bimini, Bahamas. Daily ration(% body weight per day, BW/d) = meal size/meal frequency. Meal frequency = hours to digest a 
meal/proportion of empty stomachs. Body weight consumed = number of times an equivalent of body weight is consumed in a 
year. 
6.4 Discussion 
6.4.1 Use and importance of regressions 
Estimation of prey size in the diet of juvenile lemon sharks was facilitated by the use of bone-
length regressions since only a meagre 8 % of dietary items were directly measurable. 
Regressions increased the sample size by 686 %, therefore reducing the number of sharks that 
needed to be sampled. The most accurate regressions for estimating total length in teleosts 
were found to be skull dimensions, pharyngeal teeth and the length of the vertebral column. 
These measurements were also the most common from dietary remains and enabled the 
estimation of original size in 78 % of all teleosts in the diet of juvenile lemon sharks. Seven 
other regression equations could be used to estimate original size in the remaining 22 %. 
Generally, the importance of a bone regression was a trade off between the accuracy of the 
equation and the occurrence of the bone in stomach content samples. Although a few 
regressions determined size in a large proportion of prey, a range of regressions of different 
bones has the advantage of estimating prey size at different stages of digestion. Skulls and 
pharyngeal teeth were so ubiquitous in the stomachs of lemon sharks because many species of 
teleosts possess backward pointing fin-spines, necessitating the manipulation and ingestion of 
teleost prey headfirst rather than tailfirst. Although secondary to skull measurements, 
regressions using vertebrae and spines were still important in prey size estimation. Fish were 
recovered at varying stages of digestion from stomachs of juvenile lemon sharks and the 
digestive process would usually begin on the operculum and gills, attacking the skull before 
the vertebrae, which is protected by muscle tissue. Many fish recovered from lemon shark 
stomachs in later stages of digestion were identified and size estimated by vertebrae and 
spines at different positions on the vertebral column. 
Dimensions of swimmerettes provided accurate regressions and their prevalence in stomach 
contents enabled size estimation in 74 % of all swimming crabs. However, caution should be 
taken when using this appendage for original size estimation because of autotomy in crabs. 
Despite this, they were essential in determination of crab size in lemon sharks. Penaeid prey 
are more easily captured and ingested whole by lemon sharks than crab prey, and this was 
reflected by the high number of measurements attained for each dietary shrimp. Telson length 
and carapace length (excluding the rostrum) were the most useful measurements for 
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estimating original size of shrimp. Measurements including the rostrum should be avoided 
due to digestive processes preventing accurate measurement. 
6.4.2 Prey size of juvenile lemon sharks 
Juvenile lemon sharks generally consume small, easily manageable prey between 5 and 20% 
of their total length, but would also consume prey up to half their length. The size of prey in 
the diet of juvenile lemon sharks did not vary with location or season, suggesting that juvenile 
lemon sharks select prey of a particular size. Juvenile lemon sharks showed a preference to 
ingest prey whole and this trait has also been observed in sandbar sharks (Stillwell and 
Kohler, 1982). Predators tend to select the largest prey available (lvlev, 1961; Ware, 1972; 
O'Brien et al., 1976; Smale & Bruton, 1985), with gape width often identified as the limiting 
factor in the size of prey eaten (e.g. Lawrence, 1958, Lukoschek and McCormick, 200 I; 
Huskey and Turingan, 2001). However, many studies of prey selection in fish are conducted 
on planktivorous teleosls (see Chapter 1), which generally lack the dentition to break up large 
prey into smaller, more manageable pieces. In contrast, lemon sharks, even as juveniles, are 
able to bite prey into pieces and as a result the maximum size of prey in the diet of juvenile 
lemon sharks may be restricted by their hunting ability. This theory is supported by the fact 
that larger juveniles consumed larger prey. Swimming speeds of lemon sharks increase with 
increasing shark size (Sundstrom et al., 2001) and this increases the sharks' ability to capture 
larger, faster-moving prey. 
Prey size in the diet of juvenile lemon sharks varied with prey species, with mojarra, 
barracuda, grunts and needlefish the largest prey in the diet. Knowledge of species-specific 
prey sizes, when compared to prey abundance and sizes in the environment, enables the 
determination of size selectivity and ultimately the potential impact that lemon sharks have on 
prey communities (see Chapter 7). 
Prey size of elasmobranchs has only been quantitatively documented in bonnethead sharks 
Sphyrna tiburo (Cartes et al., 1996), blue sharks Prionace glauca (Harvey, 1989) and blacktip 
sharks (Heupel and Hueter, 2002). However, spatial and temporal variations in prey size in 
the diet of sharks have not previously been quantitatively analysed. Cartes et al., ( 1996) found 
that bonnetheads consumed blue crabs (Callinectes sapidus) between 9 and 60 mm, with most 
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between 14 and 24 mm. Juvenile lemon sharks also prey upon blue crabs (C. sapidus, C. 
ornatus and C. sapidus acutidens) with sizes ranging between 38 and 161 mm. Cortes et al. 
( 1996) reported the minimum harvestable legal limit for blue crabs in Florida to be 62.3 mm 
carapace width. Juvenile lemon sharks are common in Floridian waters and unlike the 
bonnethead, could potentially compete with commercial fishermen for blue crabs. However, 
juvenile lemon sharks are predominantly piscivorous (Springer, 1950; Schmidt, 1986; Cortes 
and Gruber, 1990; Chapter 2) and this is probably due to their inability to subdue potentially 
dangerous prey such as blue crabs. Larger crabs were rarely ingested whole and in most 
occurrences only the swimmerettes were present in lemon sharks' stomachs. Because of these 
facts, lemon sharks probably do not have a significant impact on blue crab populations and do 
not pose a threat to commercial crab fisheries. 
6.4.3 Meal size of juvenile lemon sharks 
Traditionally, meal size has been determined by estimating time in the stomach, then back 
calculating to estimate original weight using the rate of digestion. However, this technique has 
several flaws due to the variability in the rate of digestion and the scale proposed by Cortes 
and Gruber (1990) used to estimate the time in the stomach is only accurate to 5 hours. Rate 
of digestion varies with species, temperature, meal size, time since last feeding, the animal's 
health and the number of items in the stomach (Fiinge and Grove, 1979; Jobling, 1986). In the 
lemon shark snappers and grunts have been used to determine a scale for stages of digestion 
(Cortes and Gruber, 1990), and digestion rates have been determined using blue runner 
(Schurdak and Gruber, 1989) and snappers and grunts (Cortes and Gruber, 1992). The diet of 
lemon sharks in Bimini comprises 37 species of teleosts from 22 families and 12 species of 
crustacea from seven families (see Chapter 2). The variability of digestion rate with prey 
species, different sized meals, multiple meals and ambient water temperature means exact 
estimation of original meal size is unrealistic without more detailed studies of digestion. 
Estimation of meal size using bone-length and morphometric regressions provides a method 
that does not require gastric evacuation rates. However, although combining back-calculated 
estimates in this fashion may compound error in estimates of prey weight, a separate equation 
was used to calculate weight from length because due to the larger sample size made 
estimates more precise (see Chapter 5, Table 5.2). The two techniques resulted in significantly 
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different estimates of meal size, with the stage of digestion technique greatly overestimating 
meal size. This overestimation has also been recently reported by Bush and Holland (2002) 
who used length-weight regressions of one species of goby and one species of alphaeid 
shrimp to estimate original meal size in scalloped hammerheads, Sphyrna /ewini, in Kaneohe 
Bay, Hawaii. However, Bush and Holland (2002) concluded that the stage of digestion 
technique accurately predicted the time the meal had been in the stomach, and subsequently 
the proportion remaining. However, for this technique to be accurate, scales for stage of 
digestion need to be accurate in small time increments, and rates of digestion need to be 
specific to prey species and temperature. 
Bone-length regressions were used to calculate original meal size for determination of daily 
ration. Only items that could be positively identified as ingested whole were included, 
although as discussed earlier, very few items were only partially ingested. This technique is 
only useful if there is a high level of identification of dietary items recovered during stomach 
analysis. Back calculation using stage of digestion and instantaneous rates of digestion to 
determine original meal size has the advantage that prey items do not have to be identified, 
but there will be error associated with these estimates. Regressions are also necessary for a 
wide range of species, to prevent bias in size estimates due to retention of hard body parts of a 
few species in the stomachs. As has been shown, prey size was species-specific, so only 
having regressions for one or two species could skew results. Although meal sizes varied 
considerably and averaged less than 2 % BW, juvenile lemon sharks would eat prey up to 
20 % BW, which far exceeds the largest meal size reported in juvenile lemon sharks to date. 
6.4.4 Daily ration of juvenile lemon sharks 
Daily ration estimates were directly affected by estimates of original meal size and therefore 
daily ration was overestimated using the back-calculation technique and rates of digestion. 
Even with outliers removed, the traditional technique estimated daily ration in juvenile lemon 
sharks around 3.3 % BW/d, in comparison to 1.3 % BW/d using bone-length regressions. 
Reviews of daily ration in sharks are present in the literature (e.g. Wetherbee et al., 1990). 
Previous estimates of daily ration in lemon sharks are wide ranging, with estimates of 0.4-2.0 
% (Clark, 1963), 2.2 % (Longval et al., 1982), 3 % (Gruber, 1984), 4.3 % (Schurdak and 
Gruber, 1989) and 1.5-2.1 % body weight per day (Cortes and Gruber 1990). All of these 
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estimates were calculated using back-calculation techniques and therefore their accuracy must 
be questioned. 
Daily ration estimates were slightly higher in the wet season (1.35 % BW/d) than the dry 
season (1.21% BW/d), although actual consumption rates were almost identical (23.85 g/day 
in the wet season, 23.26 g/day in the dry season) due to the presence of neonates in the wet 
season. Consumption rates expressed relative to body weight enables comparisons between 
sharks of different sizes (Wetherbee et al., 1990). An ontogenetic shift in daily ration and 
consumption rates was observed with larger nursery-bound juvenile lemon sharks consuming 
increasingly more prey. Studies of daily ration in teleosts indicated smaller fish ate more in 
proportion to their body weight than larger individuals of the same species (Hathaway, 1927). 
Larger juvenile lemon sharks probably ate more in proportion to their body weight because of 
their increased ability at catching faster, larger prey. This indicates that juvenile lemon sharks 
are maximising their energy intake and conforming to the optimal foraging theory, reinforcing 
the theory that hunting ability limits the size of prey consumed and subsequently daily ration. 
Daily ration estimates predicted juveniles in the North Sound to consume more than sharks 
off South Bimini. The harsh environmental conditions in the North Sound have been linked 
with the decrease in somatic growth of the juvenile sharks that live there relative to lemon 
sharks in other nurseries (Barker et al., in press). As a result, juveniles in the North Sound 
probably consume more food and may feed more opportunistically in order to survive. 
Diana's (1979) method for estimating daily ration was perfectly suited to the estimation of 
daily ration in juvenile lemon sharks and has previously been applied to sandbar sharks 
Carcharhinus plumbeus (Medved at al., 1988), juvenile lemon sharks (Cortes and Gruber, 
1990) and scalloped hammerheads Sphyrna lewini (Bush and Holland, 2002). This method 
has been used on sharks because it assumes that gastric evacuation is an exponential process, 
feeding is asynchronous and intermittent and feeding rates are short while the feeding 
frequency is longer than digestion time. These assumptions were met in this study (feeding 
was asynchronous and intermittent, and meal frequency (39.7 h) longer than digestion time, 
24.5 h) and invalidated the use of the methods proposed by Elliot and Persson ( 1978) and 
Olsen and Mullen (1986). In addition, this model does not require sampling to be conducted 
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throughout the diel cycle, and because it has been used on lemon sharks before (Cortes and 
Gruber, 1990), comparisons can be made with confidence. 
Gastric evacuation was experimentally determined in the field by Cortes and Gruber ( 1992) 
who found that a 2.7 % BW meal took between 28.4 to 40.8 h at 20-29 °C to digest 
completely. Similar trials were run with yellowfin mojarra Gerres cinereus, which were found 
to be the main dietary item of juvenile lemon sharks in Bimini (see Chapter 2). Time to 
complete gastric evacuation was 24 hours for lemon sharks held in enclosures in their nursery 
fed a 2.5 %BW meal at 29 °C, increasing to 30 hours when fed a 2.0% BW meal at 23 °C. 
Because of these results, Schurdak and Gruber's ( 1989) estimate was deemed more plausible, 
and the new times of digestion were used for seasonal comparisons. 
6.4.5 Conclusion 
Bone-length regressions can play an important role in elucidating the role of a predator in an 
ecosystem, accurately estimating original prey size and daily ration in juvenile lemon sharks 
at Bimini. Combining bone-length regressions and morphometric regressions can result in 
accurate estimates of prey size and weight, providing a method of determination of meal size 
that does not involve highly variable estimates of digestion times. Estimates of daily ration 
were lower than previously reported values, but more detailed work is required on species-
specific digestion rates at different temperatures and meal sizes to refine this further. The 
technique used here is recommended for accurate estimates of prey size, size selectivity and 
original meal size estimation for use in determining daily ration. Unless detailed digestion 
experiments have been conducted for the study species, back calculation of original meal size 
to estimate daily ration should be used with caution. 
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Chapter 7 
Spatial and temporal variation in prey selectivity of juvenile lemon sharks. 
Abstract 
Prey preference has never been quantitatively determined in any species of elasmobranch 
primarily due to the problems in quantifying the abundance of available prey of a predator 
with such a large home range. The small well-defined home range of juvenile lemon sharks 
enabled the estimation of prey preference of an elasmobranch for the first time. Unlike many 
other studies, this chapter estimated prey preference using chi-square residuals and a 
traditional electivity index, Vanderploeg and Scavia's (1979b) relativised index of electivity. 
Values and rankings of selection varied with technique, but both revealed similar trends in 
prey preference. Lemon sharks did not feed randomly on available prey and demonstrated a 
preference for slower moving prey that were easier to capture (e.g. mojarras, toadfish, 
parrotfish and filefish), while avoiding larger, faster and harder to catch species. Juvenile 
lemon sharks at Bimini demonstrated a prey preference hierarchy of: toadfish > barracuda > 
parrotfish > filefish > mantis shrimps > mojarras > swimming crabs > snappers > penaeid 
shrimps > grunts. Proportions of prey families in the diet of lemon sharks from Bimini were 
significantly different to those found in the environment in the North Sound and South Bimini 
nurseries (x2, P < 0.00 1). Proportions of prey in the diet of juvenile lemon sharks were also 
significantly different to those found in the environment in wet and dry seasons, and all shark 
sizes Ci, P < 0.00 I). The degree of selection exhibited by juvenile lemon sharks was greatest 
when prey were more abundant, suggesting that lemon sharks conform to the optimal foraging 
theory. Distributions of prey sizes in the diet of juvenile lemon sharks were statistically 
different from that found in the environment during all seasons and at all locations 
(Kolmogorov-Smimov test, P < 0.0001), with sharks avoiding very small and large prey. 
Yellowfin mojarra, a preferred prey item, were consumed in proportion to the distribution of 
fish lengths in the environment, suggesting that their importance in the diet may be due to 
preferred sizes in the environment as well as ease of capture. 
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7.1 Introduction 
Early researchers believed sharks to be opportunistic feeders (Springer, 1960) that were 
always engaged in the search for food (Budker, 1971 ). Sharks generally get their reputation as 
opportunistic feeders from the widely publicised consumption of items of little or no nutritive 
value by tiger sharks (e.g. Bell & Nichols, 1921; Lowe et al., 1996) and other pelagic species 
(Strasburg, 1958). 
Evidence for the opportunistic feeding nature in sharks is suggested by variations in diet 
reflecting spatial and temporal changes in prey abundances. For example, proportions of squid 
in the diet of blue sharks Prionace glauca reflected fluctuating seasonal abundances in the 
environment (Tricas, 1'979), while the most common prey of lesser-spotted dogfish 
Scyliorhinus canicula (Lyle, 1983), scalloped hammerheads Sphyrna lewini (Ciarke, 1971 ), 
leopard sharks Triakis semifasciala (Talent, 1976) and lemon sharks Negaprion breviroslris 
(Schmidt, 1986; Cortes and Gruber, 1990) was also reported as the most abundant in the 
environment. 
The perception of sharks as opportunistic hunters that continuously and indiscriminately feed 
is gradually undergoing a change as a result of an increase in quantitative studies of shark 
diet. For example, bonnethead sharks Sphyrna tiburo appear to prefer swimming crabs 
(Cortes et al., 1996), hammerheads demonstrate a preference for batoids (Compagno, 1984) 
and mako sharks lsurus oxyrinchus appear to selectively feed on larger, less abundant bluefish 
(Stillwell and Kohler, 1982). However, prey selection of sharks is still restricted to 
quantitative dietary data compared with qualitative observations of prey communities made in 
an attempt to rationalise dietary compositions. 
The measurement of the relative prey preference of a predator must be based on two factors: 
I) the relative numbers of prey organisms eaten by the predator, and 2) the relative numbers 
of these prey organisms available in the environment (Hess and Rainwater, 1939). Currently, 
prey selection has not been quantitatively determined in any shark species due to the large 
home ranges possessed by these large active predators. Juvenile lemon sharks spend their first 
few years in well-protected nurseries during which they possess small, well-defined home 
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ranges (Morrissey and Gruber, 1993a). This behaviour permits the quantitative determination 
and comparison of prey in the diet and the environment, and subsequently prey preference, for 
the first time in any elasmobranch. 
This chapter quantifies the prey preference of juvenile lemon sharks for the first time, in order 
to answer the following questions: I) do lemon sharks feed at random on available food? 2) 
do lemon sharks exhibit a preference for certain prey? and 3) does the feeding preference of 
lemon sharks vary between sites, seasons, and with respect to shark size? In addition, this 
study aims to quantify the overlap between shark diet and relative abundance of prey items in 
mangrove and seagrass habitats to reveal critical areas within the nursery for shark feeding. 
7.2 Materials and Methods 
The calculation of prey selection of juvenile lemon sharks compares the proportions of prey in 
the diet (Chapter 3), with the proportions of prey in the environment (Chapter 4). Prey 
communities in the environment were normalised by extrapolation of densities over the entire 
study area. This was necessary to adjust for differences in catch abundances and area 
sampled, and to provide an overall estimation of the total abundances of different prey in the 
environment. 
7.2.1 Estimation of habitat area 
Mangrove area was estimated by measurements from the mangrove fringe to the high tide 
mark every 250 metres along the shore, using a 30 m measuring tape. Seagrass areas were 
divided into three sectors: 0 - 50 m, 50 -lOO m and I 00 - 200 m from the mangrove fringe 
(see Chapter 2 for description of seagrass beds). Boundaries of each area were plotted on a 
georectified Landsat image ofBimini using GIS software (ESRI Arcview GIS 3.2) from GPS 
points taken in the field (Garmin WAAS GPS 72, accurate to 3 m). Arcview GTS was then 
used to calculate the area of each seagrass sector. 
7.2.2 Population size estimation 
Population sizes were estimated by extrapolating catch numbers from the area sampled over 
the study area. Catches were specific to habitat (mangroves and seagrass, Chapter 4), distance 
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from shore (Chapter 4) and sampling technique (seine and trawl). Catches were therefore 
separately extrapolated for seine and trawl samples in each seagrass sector. Mangrove and 
seagrass communities were then summed to provide an overall estimate for the number of 
individuals from each family in the environment. Gillnet catches were excluded because their 
catch was per metre of net set per unit time rather than catch per unit area. However, gill nets 
selectively caught larger individuals in the seagrass habitat, which were not in the diet of 
juvenile lemon sharks (see Chapter 6). Population estimates were calculated separately for 
Bimini overall, the North Sound and South Bimini nurseries, as well as the wet season (April 
to September), and dry season (October to March). See appendix 5 for abundance estimates of 
prey families in the environment. 
7 .2.3 Statistical analysis 
Lack of identification to species level of many items from lemon shark stomachs necessitated 
the pooling of diet and prey abundance data into families. Unidentified prey, which only 
constituted a small proportion of the diet (Chapter 2), were excluded from the analysis as no 
selectivity could be determined. Lugworms (Arenicolidae) were also excluded from the 
analysis because sampling of prey in the environment was not conducted for burrowing 
organisms. Throughout this analysis emphasis is placed on the major prey of juvenile lemon 
sharks, in particular the dominant prey item, mojarra (Gerreidae, Chapter 3). 
7.2.4.1 Prey preference determination 
The prey preference of juvenile lemon sharks was measured using contingency tables and chi-
square analysis to compare the number of available prey with the total number of individuals 
of each prey family in shark stomachs. A significant chi-square in itself does not indicate the 
individual food types that contribute significantly to the deviation from the null hypothesis 
that feeding is random. Standardised and adjusted residuals provide a test of the significance 
of the electivity of a particular food type (Lechowicz, 1982). Standardised chi-square 
residuals and the relativised electivity index of V anderploeg and Scavia (1979b) were 
calculated as measures of prey selection by juvenile lemon sharks. 
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Standardised chi-square residuals were calculated for each family and represented the 
deviations between observed diets and abundance in the environment (Newman and Waters, 
1984): 
[(observed - expected)/( expected 112)] (I) 
Vanderploeg and Scavia's (1979b) index calculates electivity (E;') by comparing the relative 
availability of food i in the environment (Pi) and its relative utilisation in the diet (ri): 
(2) 
where n is the number of kinds of food items and w; is Vanderploeg and Scavia's (1979a) 
selectivity coefficient or Chesson 's ( 1978) ai coefficient: 
rIp. 
a. =W. = ' ' 
' ' Lr;IP; 
(3) 
In both techniques, positive results indicated overrepresentation in the diet (prey selection), 
negative numbers underrepresentation (prey avoidance) and zero values an exact agreement 
between the relative amounts in the diet and the environment (random feeding). Prey selection 
values determined using Vanderploeg and Scavia 's ( 1979b) electivity index ranged from -I to 
+I. 
7.2.4.2 Prey size selectivity 
Prey sizes of juvenile lemon sharks determined in Chapter 6 were compared with prey sizes in 
the environment. Throughout this study, prey size refers to total length (TL) in teleosts and 
shrimp, carapace width in crabs and dorsal disc width in rays. 
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Prey size selectivity was detennined by comparing distributions of prey sizes in the diet of 
juvenile lemon sharks to size distributions of organisms in the environment using the non-
parametric Kolmogorov-Smirnov test. 
7.2.4.3 Diet and community overlap 
Index of relative importance values (IRI, Pinkas et al., 1971) for families in the diet oflemon 
sharks (Chapter 3) were compared with values detennined in the same manner for families in 
the environment using the simplified Morisita index (Horn, 1966). Values calculated by the 
simplified Morisita index ranged from 0 to I, with values greater than 0.60 generally accepted 
as significant overlap (Zaret and Rand, 1971 ). Shark diet was compared in this way with prey 
communities from the mangroves and three seagrass sectors (0-50 m, SO-l 00 m, I 00-200 m) 
in each nursery. 
7.3 Results 
7.3.1 Prey selection of juvenile lemon sharks 
Juvenile lemon sharks demonstrated selective feeding by preying upon only 49 (29 %) of the 
175 species identified in the environment (Figure 7.1). Juvenile lemon sharks were more 
selective off South Bimini, consuming fewer prey species despite a wider range of potential 
prey in the environment. Eighteen percent of the available prey species were in the diet of 
juvenile lemon sharks off South Bimini (27 species in the diet I !46 species in the 
environment; Figure 7.1 ), whilst 40 % were in the diet of sharks in the North Sound ( 42/1 04; 
Figure 7 .I). The number of species lri the diet did not vary greatly with season; 28 % of the 
available species were in the diet of juvenile lemon sharks during the dry season (40/144) and 
23% during the wet season (30/128; Figure 7.1). 
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Figure 7.1. Frequency histogram of the total number of species found in the environment and 
the number of species identified in the stomachs of juvenile lemon sharks (shaded portion of 
the column) in different locations and seasons. "Bimini Total" is the number of species in the 
diet of lemon sharks and the environment, in the North Sound and South Bimini combined. 
The wel season is from May lo October, and the dry season from November to April. The 
percentage of species in the diet (out of the total available) is provided on each column. 
Sample sizes are provided in parentheses (the number of lemon shark stomachs examined). 
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7.3.2 Prey selectivity determined by standardised Chi2 residuals 
7.3.2.1 Prey selectivity ofjuvenile lemon sharks at Bimini 
Proportions of prey families in the diet of juvenile lemon sharks at Bimini were significantly 
different to those found in the environment Ct = 6366.91, 27 df, P < 0.00 I). Standardised 
Chi2 residuals revealed that juvenile lemon sharks selectively fed upon all prey in their diet 
apart from soles Soleidae (-0.03), halfbeaks Hemiramphidae (-0.27) and silversides 
Atherinidae (-12.20; Table 7.1). 
The ten most preferred prey of juvenile lemon sharks at Bimini (in rank order, most preferred 
first) were toadfish Batrachoididae, snake eels Ophichthidae, filefish Balistidae, barracuda 
Sphyraenidae, parrotfish Scaridae, jacks Carangidae, mantis shrimps Neogonodactylidae, · 
mojarras Gerreidae, swimming crabs Portunidae and stingrays Dasyatidae (Table 7.1). Out 
of these ten families, toadfish, parrotfish, barracuda, mojarra and swimming crabs were major 
dietary items of juvenile lemon sharks, accounting for 86 %(!RI) of the diet. 
7.3.2.2 Spatial variation in prey selectivity 
Lemon sharks were selective feeders in both nurseries, with proportions of prey families in 
the diet significantly different to those found in the environment in both the North Sound Ct = 
10809.80,22 df, P < 0.001) and off South Bimini Ct = 6828.57,22 df, P < 0.001). The values 
and rankings of selected prey in the diet of juvenile lemon sharks varied with location due to 
different prey abundances in the environment (Table 7.1 ). Despite different populations of 
available prey, lemon sharks from both nurseries had a high selection for toadfish, parrotfish, 
barracuda, mantis shrimps (Neogonodacty/idae), jacks and snake eels (Table 7.1). Juvenile 
lemon sharks in the North Sound also selected surgeonfish, filefish, stingrays and grunts, 
demonstrating a greater degree of selection for these families than sharks off South Bimini. In 
comparison, sharks off South Bimini demonstrated greater selection for squid, bonefish, 
mojarra and soles than sharks in the North Sound (Table 7 .I). Extremely high selection by 
lemon sharks of squid off South Bimini, surgeonfish and stingrays in the North Sound and 
snake eels in both nurseries was due to the rare occurrence or absence of the prey from the 
habitat sampling (Table 7.1). Pieces of the same individual stingray were found in the 
stomachs of three sharks, which further biased the selectivity estimate of stingrays by juvenile 
lemon sharks. 
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Bimini North Sound South Bimini 
Habitat Diet Chi~ Rank Habitat Diet Chi~ Rank Habitat Diet Chi~ Rank 
Teleosts 
Acanthuridae (Surgeon fishes) 368 3.19 21 0 40.03 2 368 
Albulidae (Bonefishes) 355 2 6.78 16 297 58 2 26.53 3 
Atherinidae (Silversides) 917460 31 -1 2.20 32 270586 16 -11.80 26 646873 15 -5.90 25 
Balistidae (Triggerfish and fi1efishes) 1810 17 25.90 3 297 16 35.81 3 1514 2.26 20 
Batrachoididae (Toadfishes) 760 20 47.38 236 10 25.15 5 524 10 44.30 2 
Belonidae (NeedJefisbes) 30293 11 1.61 25 18725 8 -1 .08 24 11568 3 1.82 21 
Bothidae (Lefteye flounders) 1444 l.L9 27 500 1.23 20 944 
0\ Carangidae (Jacks) 648 7 17.87 6 371 5 9 .84 9 277 2 12.16 8 
w 
Cyprinodontidae (Killifishes) 6544 4 2.09 23 6544 4 -0.04 21 0 
Gerreidae (Mojarras) 235682 163 15.12 8 199149 120 -0.37 23 36533 43 21.26 5 
Gobiidae (Gobies) 14026 6 1.60 26 497 5 8.38 12 13529 -0.25 24 
Haemulidae (Grunts) 32284 24 6.22 17 1332 13 13.29 8 30952 11 4.72 15 
Hemiramphidae (Halfbeaks) 10749 2 -0.27 31 4127 2 -0.36 22 6622 
Labridae (Wrasses) 3565 3 2.46 22 162 2 5.93 15 3403 1.20 23 
Lutjanidae (Snappers) 18318 25 10.29 12 4403 15 7.38 14 13914 10 7.57 13 
Ophichthidae (Snake eels and worm eels) 99 6 39.01 2 0 5 89.52 99 10.21 10 
Pomacentridae (Damselfishes) 2612 2 1.84 24 0 2612 2 3.53 18 
Scaridae (Parrotfishes) 51133 85 21.67 5 3422 35 22.38 6 47711 50 21.41 4 
Soleidae (Soles) 4568 -0.03 30 4479 89 1 10.73 9 
Sparidae (Porgies) 948 2 3.87 20 214 2.37 18 735 3.53 17 
Sphyraenidae (Barracudas) 8604 37 25.17 4 4045 27 15.36 7 4559 10 14.56 6 
0\ 
... 
Synodontidae (Lizardfishes) 190 4.62 18 84 l 4.13 17 107 
Crustaceans 
Alphaeidae (Snapping shrimps) 2580 0.55 28 9 2571 1.54 22 
Neogonodactylidae (Smashing mantis shrimps) 386 5 16.57 7 167 3 8.90 10 219 2 13.68 7 
Ocypodidae (Fiddler crabs) 44 9.82 13 22 8.20 13 22 
Palinuridae (Spiny lobsters) 212 4.35 19 19 194 7.23 14 
Penaeidae (Penaeid shrimps) 53512 46 9.79 14 48841 40 1.73 19 4671 6 8.36 11 
Portunidae (Swimming crabs) 58027 63 13.83 9 53050 57 4.16 16 4977 6 8.06 12 
Pseudosquillidae (Spearing mantis shrimps) 2646 8 9.59 15 639 6 8.83 11 2007 2 4.15 16 
Xanthidae (Mud crabs) 11522 3 0.26 29 7420 -1.69 25 4102 2 2.59 19 
Elasmobranchs 
Dasyatidae (Whiptail stingrays) 207 3 13.60 10 16 3 27.75 4 191 
Cephalopods 
Loliginidae (Inshore squid) 31 11 .67 11 31 0 I 102.84 
Table 7 .1. Comparison of prey selectivity of nursery-bound juvenile lemon sharks from Bimini (both nurseries combined) and the 
North Sound and South Bimini nurseries, determined by standardised Chi2 residuals [(observed - expected)/( expected 112)]. Total 
abundances of each prey family in the habitat and the diet of juvenile lemon sharks are provided. Positive residuals indicate 
overrepresentation in the diet (selection), negative numbers underrepresentation (avoidance) and zero values an exact agreement 
between the relative amounts in the diet and environment (random feeding). Rank refers to the order of preference, with the most 
preferred prey ranked number one. Chi2 values were significant for all analyses: Bimini Ci = 6366.91 , 27 df, P < 0.001), North Sound 
(x2 = 10809.80,22 df, P < 0.001 ) and South Bimini ci = 6828.57,22 df, P < 0.001). 
Lemon sharks in the North Sound consumed a wider range of prey (Chapter 3) and were more 
opportunistic than lemon sharks off South Bimini, with many prey families having a higher 
degree of negative selection. Although silversides were in the diet of lemon sharks from both 
nurseries they were the most avoided species with the highest values of negative selection due 
to their high abundance in the environment. Sharks in the North Sound also demonstrated 
negative preference for soles, mud crabs Xanthidae, needlefish, mojarras, halfbeaks and 
killifish Cyprinodontidae; all families that were abundant in the environment. Sharks off 
South Bimini demonstrated an avoidance of silversides and gobies Gobiidae, preying upon 
disproportionately less than were available in the environment (Table 7.1). 
Lemon sharks preyed upon mojarra, penaeid shrimps Penaeidae, swimming crabs and grunts 
Haemulidae in both nurseries. The preference of these prey families by juvenile lemon sharks 
are not apparent until they are in low abundances in the environment (Table 7.1 ). Lemon 
sharks in the North Sound appear to be randomly feeding on mojarra due to their high 
abundance in the environment. However, the high relative importance (IRI, Chapter 2) of 
mojarra in the diet of juvenile lemon sharks and the high degree of preference by sharks off 
South Bimini for mojarra indicate that they are highly selected (Table 7.1). 
7.3.2.3 Temporal variation in prey selectivity 
Lemon sharks were selective feeders in both seasons, although prey selection was greater in 
the wet season <i = 42902.27, df54, P < 0.0001) than the dry season (·l = 1275.28, df61, P 
< 0.0001). Juvenile lemon sharks at Bimini selectively preyed upon toadfish, barracuda, 
parrotfish, jacks and mojarras irrespective of season (Table 7.2), although Chi2 residuals 
indicated greater selection during the wet season. During the wet season lemon sharks preyed 
upon filefish more selectively, consuming proportionally more individuals despite decreased 
availability in the environment. Lemon sharks randomly selected mud crabs year round, 
whilst random selection of soles and halfbeaks occurred in the wet season and random feeding 
of snapping shrimps Alphaeidae and penaeid shrimps occurred in the dry season (Table 7.2) 
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Table 7.2. Comparison of prey selectivity of nursery-bound juvenile lemon sharks in the wet 
season (April to September) and the dry season (October to March) at Bimini, Bahamas,· 
determined by standardised Chi2 residuals [(observed - expected)/(expected112)]. Data were 
pooled from North Sound and South Bimini lemon shark stomachs into seasons due to 
relatively small sample sizes. Total abundances of each prey family in the habitat and the diet 
of juvenile lemon sharks are provided. Positive residuals indicate overrepresentation in the 
diet (selection), negative numbers underrepresentation (avoidance) and zero values an exact 
agreement between the relative amounts in the diet and environment (random feeding). Rank 
refers to the order of preference, with the most preferred prey ranked number one. Chi2 values 
were significant in both the wet <i = 42902.27, df 54, P < 0.0001) and dry season <i = 
1275.28, df61, p <0.0001). 
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Wet season Dry season 
Habitat Diet Cbi1 Rank Habitat Diet Chi' Rank 
Teleosts 
Acanthuridae (Surgeonfishes) 885 117 I 5.21 10 
Albulidae (Bonefishes) 512 166 2 8.82 6 
Atherinidae (Silversides) 1792788 18 -7.67 22 515725 13 -11.19 27 
Balistidae (Triggerfish and filefishes) 1428 16 58.74 3 3306 0.04 24 
Batrachoididae (Toad fishes) 98 9 122.05 2 1316 11 17.08 I 
Belonidae (Needlefishes) 23979 5 3.42 17 37471 6 -1.49 25 
Bothidae (Lefteye flounders) 1646 I 3.16 18 1900 
Carangidae (Jacks) 911 4 18.32 8 544 3 7.12 7 
Cyprinodontidae (Killifishes) 3958 7397 4 1.26 17 
Gerreidae (Mojarras) 313558 74 14.53 9 163508 89 6.00 9 
Gobiidae (Gobies) 15465 18639 6 0.25 21 
Haemulidae (Grunts) 40618 8 4.13 16 33744 16 1.97 16 
Hemiramphidae (Halfbeaks) 10046 0.68 20 16805 I -1.76 26 
Labridae (Wrasses) 3880 5461 3 1.12 18 
Luljanidae (Snappers) 23713 15 12.55 13 15645 10 2.55 14 
Ophichthidae (Snake eels and worm eels) 160 3 32.86 5 135 3 14.77 2 
Pomacentridae (Damsel fishes) 2324 3222 2 1.10 19 
Scaridae (Parrotfishes) 76671 31 13.71 10 58850 54 8.90 5 
Soleidae (Soles) 5443 1.37 19 4284 
Sparidae (Porgies) 1740 540 2 4.64 11 
Sphyraenidae (Barracudas) 7811 14 21.55 7 10164 23 11.64 3 
Synodontidae (Lizardfishes) 150 328 2.92 13 
Crustaceans 
Alphaeidae (Snapping shrimps) 1859 3028 0.13 23 
Neogonodactylidae (Smashing mantis shrimps) 483 4 25.25 6 420 2.51 15 
Ocypodidae (Fiddler crabs) 88 30 10.51 4 
Palinuridae (Lobsters) 115 12.93 11 263 
Penaeidae (Shrimps) 54035 24 12.81 12 69862 22 0.37 20 
Portunidae (Swimming crabs) 69967 22 9.77 14 55214 41 6.21 8 
Pseudosquillidae (False mantis shrimps) 3746 3 6.43 15 3321 5 4.10 12 
Xanthidae (Mud crabs) 15781 -0.80 21 11958 2 0.20 22 
Elasmobranchs 
Dasyatidae (Whiptail stingrays) 129 3 36.58 4 371 
Cephalopods 
Lo/iginidae (Inshore squid) 0 I 140.17 54 
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Silversides were negatively selected year round, with needlefish and haltbeaks avoided during 
the dry season (Table 7.2). 
7. 3. 2. 4 Ontogenetic variation in prey selectivity 
Proportions of prey families in the diet oflemon sharks of all sizes were significantly different 
to those found in the environment (Table 7.3). Barracuda, mojarras and parrotfish were highly 
selected, and silversides avoided by lemon sharks of all sizes (Table 7.3). Parrotfish were 
most selected by smaller sharks (under 55.0 cm PCL), whilst there was no discernable trend in 
selection of barracuda and mojarras with shark size. Toadtish were preyed upon and highly 
selected by lemon sharks of all but the smallest size class, whilst filefish and jacks were 
preyed upon and highly selected by lemon sharks of all but the largest size class (Table 7.3). 
Larger juvenile lemon sharks demonstrated greater selection for larger prey species such as 
stingrays and bonefish Albulidae, as well as fast moving prey such as snappers and grunts 
(Table 7.3). Prey selection of lemon sharks for gobies, penaeid shrimps and swimming crabs 
decreased with increasing shark size, with the smallest juvenile sharks demonstrating a high 
degree of selectivity and the largest size class feeding randomly on these families (Table 7 .3). 
7.3.3 Prey selectivity determined by Vanderploeg and Scavia's index of electivity 
7.3.3. I Prey selectivity ofjuvenile lemon sharks at Bimini 
Vanderploeg and Scavia's (1979) index of electivity revealed that juvenile lemon sharks at 
Bimini selectively preyed upon just 12 families out of the available 64 in the environment (19 
%). In rank order, juvenile lemon sharks at Bimini selectively preyed upon snake eels, squid, 
toadfish, fiddler crabs Ocypodidae, stingrays, mantis shrimps Neogonodactylidae, jacks, 
filefishes, bonefishes, lizardfishes and lobsters Palinuridae (Figure 7.2). Combined, these 
prey families only represented 0. 76 % IRI of the diet of juvenile lemon sharks at Bimini. The 
major prey items of juvenile lemon sharks (mojarras, parrotfishes, barracudas, grunts, 
snappers, penaeid shrimps and swimming crabs) were all negatively selected using this index, 
apart from barracuda, which were randomly selected ( E; = 0.093, Figure 7.2). Values of 
selectivity disagreed with those determined by Chi2 residuals and prey selection rankings 
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Bimini <50.0 (79) 50.1-55.0 (176) 55.1-60.0 (67) 60.1-65.0 (47) >65.1 (27) 
Habitat Diet Chi2 Rank Diet Chi" Rank Diet Chii Rank Diet Chi2 Rank Diet Chi2 Rank 
Teleosts 
Acanthuridae (Surgeonfishes) 368 4.71 16 
Albulidae (Bonefishes) 355 7.98 8 13.60 3 
Atherinidae (Silversides) 917460 8 -4.30 15 15 -8.66 26 5 -5.47 22 -3.97 14 2 -3.17 14 
Balistidae (Triggerfish and filefishes) 1810 3 11.58 2 8 17.27 4 5 17.67 2 5.17 7 
Batrachoididae (Toadfishes) 760 8 26.98 2 8 43.97 3 24.63 2 9.25 4 
Belonidae (Needlefishes) 30293 5 0.87 24 3 !.50 17 2 1.85 12 0.81 12 
Bothidae (Lefteye flounders) 1444 2.08 21 
Carangidae (Jacks) 648 6.44 8 3 10.83 7 5.84 11 2 17.76 3 
0'1 
\0 Cyprinodontidae (Killifishes) 6544 4 3.81 18 
Ge"eidae (Mojarras) 235682 22 4.72 9 75 9.45 8 37 8.48 7 16 5.38 6 13 5.03 7 
Gobiidae (Gobies) 14026 2 2.13 13 3 1.14 22 0.52 21 
Haemulidae (Grunts) 32284 5 3.60 10 11 3.88 17 3 1.38 18 2 1.75 13 3 3.61 8 
Hemiramphidae (Halfbeaks) 10749 -0.19 25 0.80 19 
Labridae (Wrasses) 3565 0.95 23 2.17 14 3.55 9 
Lutjanidae (Snappers) 18318 3 2.92 12 14 8.33 13 4 3.63 13 2 2.77 11 2 3.29 9 
Ophichthidae (Snake eels and worm eels) 99 16.78 3 28.01 1526 4 25.82 2 
Pomacentridae (Damselfishes) 2612 2 3.15 19 
Scaridae (Parrotfishes) 51133 12 7.57 6 53 19.73 3 9 4.61 12 4 3.04 10 7 7.11 5 
Soleidae (Soles) 4568 1.82 15 
Sparidae (Porgies) 948 2.74 20 7.26 5 
-....) 
0 
Sphyraenidae (Barracudas) 8604 6 10.31 3 17 16.31 6 5 7.63 9 7 16.78 4 2 5.20 
Synodontidae (Lizardfishes) 190 6.68 14 
Crustaceans 
Alphaeidae (Snapping shrimps) 2580 3.00 11 
Neogonodacty/idae (Smashing mantis shrimps) 386 8.42 5 2 9.38 9 2 15.39 3 
Ocypodidae (Fiddler crabs) 44 1 33.84 
Palinuridae (Lobsters) 212 10.37 5 
Penaeidae (Shrimps) 53512 11 6.61 7 27 8.57 11 5 1.79 16 2 0.95 14 0.22 
Portunidae (Swimming crabs) 58027 15 9.02 4 28 8.42 12 13 6.68 10 5 3.67 8 2 1.21 
Pseudosquillidae (False mantis shrimps) 2646 5 8.63 10 3 8.58 6 
Xanthidae (Mud crabs) 11522 0.93 14 0.72 20 1.99 
Elasrnobranchs 
Dasyatidae (Whiptail stingrays) 207 6.40 15 2 35.65 
Cephalopods 
Loliginidae (Inshore squid) 31 1 16.58 5 
Table 7.3. Ontogenetic variation in prey selectivity of juvenile lemon sharks at Bimini, Bahamas, determined by standardised Chi2 
residuals [(observed- expected)/(expected112)] . Total abundances of each prey family in the habitat (Bimini total: North Sound and 
South Bimini combined) and in the diet of juvenile lemon sharks are provided. Positive residuals indicate overrepresentation in the 
diet (selection), negative numbers underrepresentation (avoidance) and zero values an exact agreement between the relative amounts 
in the diet and environment (random feeding). Shark size is precaudallength (PCL) in centimetres, and the number of shark stomachs 
examined is in parentheses. Rank refers to the order of preference, with the most preferred prey ranked number one. Chi2 values were 
significant in all size classes: <50.0 cm PCL (X2 = 933.99, df 63, P < 0.000 1), 50.1 to 55.0 cm PCL <:l = 3686.83 df 63, P < 0.0001), 
55.1 to 60.0 cm PCL (x2 = 3296.98, df63, P < 0.0001), 60.1 to 65.0 cm PCL (x2 = 2551.81 , df63, P < 0.0001) and sharks> 65.1 cm 
PCL (i = 2363.86, df63, P < 0.0001). 
6 
13 
11 
10 
calculated using this method only agreed with Chi2 residuals at the low end of selection, with 
the least preferred prey of juvenile lemon sharks silversides ( E;' = -0.981 ), haltbeaks ( E;' = -
0.901) and soles (E; =- 0.884; Figure 7.2). 
7.3.4 Difference in prey selection estimates with technique 
Despite the disparity in values and rankings of prey selection calculated by these two 
techniques, trends in spatial, temporal and ontogenetic prey selection of juvenile lemon sharks 
determined using Vanderploeg and Scavia's index of electivity were generally the same as 
those described by Che residuals. Lemon sharks off South Bimini demonstrated a greater 
degree of selectivity for all prey families except for grunts, filefishes, mantis shrimps 
Pseudosquil/idae and stingrays (Table 7.4). Contradicting chi-square residuals, index of 
electivity values revealed lemon sharks to be more selective in the dry season due to 
decreased abundances of most families in the environment (Table 7.4). 
Ontogenetic variation in the diet of juvenile lemon sharks revealed decreased selection of 
gobies, mojarras, grunts, snappers, parrotfishes, penaeid shrimps and swimming crabs with 
increasing shark precaudal length (Table 7.5). Vanderploeg and Scavia's (1979) relativised 
index of electivity also confirmed the increased selection of bonefish and stingrays with 
increasing precaudallength in juvenile lemon sharks (Table 7.5). 
7.3.5 Prey size selectivity of juvenile lemon sharks 
Juvenile lemon sharks demonstrated avoidance for the many small fish and invertebrates in 
the environment, with mean sizes (± I S.E.) of prey in the diet (12.3 ± 0.4 cm, range 2.2 to 
42.5 cm, n = 399 items) greater than in the environment (9.6 ± 0.1 cm, 0.6 to 130.0 cm, n = 
22617). Statistical comparison of the distributions of prey in the environment and the diet of 
juvenile lemon sharks at Bimini revealed that prey were significantly larger in the diet than in 
the environment (Kolmogorov-Smimov test, P < 0.0001; Figure 7.3). 
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Figure 7.2. Prey families of juvenile lemon sharks at Bimini, Bahamas based on the numerical 
proportions of food i in the diet (r;) and in the environment (p;) as determined by Vanderploeg 
and Scavia's (1979) index of electivity, calculated as E;• = [Wi- (1/n)]/[W; + (1/n)] where n is 
the number of food items and W; is Vanderploeg and Scavia's selectivity coefficient (see 
methods). Values of electivity were calculated using abundances in the diet and environment 
from the North Sound and South Bimini combined (See Table 7.1). Selectivity values are a 
dimensionless unit and range from -I to +I, with positive numbers indicating selective 
feeding, negative numbers indicating avoidance and zero values indicating random feeding. 
The dotted line separates prey selected on the left from prey avoided on the right. 
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Table 7.4. Spatial and temporal variation in prey selectivity of juvenile lemon sharks based on 
the numerical proportions of food i in the diet (r;) and in the environment (p;) as determined 
by Vanderploeg and Scavia's (1979) electivity index, calculated as E;• = [W; - (1/n)]/[W; + 
(lln)] where n is the number of food items and W; is calculated as (r;/p;)!f.(r;/p;). Selectivity 
index values are a dimensionless unit and range from -I to +I, with positive numbers 
(highlighted in bold) indicating selective feeding, negative numbers indicating avoidance and 
zero values indicating random feeding. Selection at Bimini was dietary data from the North 
Sound and South Bimini nurseries combined, with wet and dry season stomach content data 
combined from each location to avoid small sample sizes. Rank refers to the order of 
preference, with the most preferred prey ranked number one. See Tables 7 .I and 7.2 for total 
abundances in the environment and diet of lemon sharks. 
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Teleosts 
Acanthuridae (Surgeon fishes) 
Albulidae (Bonefishes) 
Atherinidae (Silversides) 
Ba/istidae (Triggerfish and filefishes) 
Batrachoididae (Toad fishes) 
Belonidae (Needlefishes) 
Botltidae (Lefteye flounders) 
Carangidae (Jacks) 
Cyprinodontidae (Killifishes) 
Gerreidae (Mojarras) 
Gobiidae (Gobies) 
Haemulidae (Grunts) 
Hemirampltidae (Haltbeaks) 
Labridae (Wrasses) 
Lutjanidae (Snappers) 
Ophicltthidae (Snake eels and worm eels) 
Pomacentridae (Damsel fishes) 
Scaridae (Parrotfishes) 
Soleidae (Soles) 
Sparidae (Porgics) 
Sphyraenidae (Barracudas) 
Synodonlidae (Lizard fishes) 
Crustaceans 
Alphaeidae (Snapping shrimps) 
Neogonodactylidae (Smashing mantis shrimps) 
Ocypodidae (Fiddler crabs) 
Palinuridae (Spiny lobsters) 
Penaeidae (Penaeid shrimps) 
Portunidae (Swimming crabs) 
Pseudosquillidae (Spearing mantis shrimps) 
Xanthidae (Mud crabs) 
Elasmobranchs 
Dasyatidae (Whiptail stingrays) 
Cephalopods 
Loliginidae (Inshore squid) 
Bimini 
E' I Rank 
-0.135 
0.224 
-0.98 1 
0.449 
0.761 
-0815 
-0.675 
0.503 
-0.708 
-0.675 
-0.786 
-0.655 
-0.901 
-0.6 18 
-0.447 
0.889 
-0.647 
-0.365 
-0.884 
-0.257 
0.093 
0.191 
-0.804 
0.568 
0.727 
0.137 
-0.612 
-0.534 
-0.083 
-0864 
0.605 
0.800 
14 
9 
32 
8 
3 
28 
23 
7 
25 
24 
26 
22 
31 
20 
17 
21 
16 
30 
15 
12 
10 
27 
6 
4 
11 
19 
18 
13 
29 
5 
2 
North Sound South Bimioi 
E,' Rank 
1.000 
-0.989 
0.675 
0.604 
-0.922 
-0.679 
0.126 
-0.890 
-0.891 
-0.0 19 
-0.035 
-0.911 
0.082 
-0.509 
1.000 
-0.0 11 
-0.382 
-0.221 
0.067 
0.265 
0.623 
-0.855 
-0.814 
-0.054 
-0 975 
0.897 
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= I 
26 
4 
6 
24 
18 
8 
2 1 
22 
12 
13 
23 
9 
17 
= I 
11 
16 
15 
10 
7 
5 
20 
19 
14 
25 
3 
E,' 
0.898 
-0.975 
-0.476 
0.822 
-0.755 
0.590 
-0.225 
-0.924 
-0.679 
-0.727 
-0.443 
0.690 
-0.417 
-0.280 
0.715 
-0.155 
0.082 
-0.654 
0.661 
0.470 
-0.183 
-0.214 
-0.303 
-0 5R5 
Rank 
2 
25 
18 
3 
23 
7 
13 
24 
21 
22 
17 
5 
16 
14 
4 
10 
9 
20 
6 
8 
11 
12 
15 
19 
1.000 
Wet season 
E' I 
-0.994 
0.556 
0.933 
-0.878 
-0.681 
0.157 
-0.863 
-0.884 
-0.940 
-0.670 
0.709 
-0.776 
-0.891 
-0.282 
0.443 
0.462 
-0.756 
-0.821 
-0.600 
-O'l(l l 
0.759 
Rank 
22 
5 
2 
17 
12 
8 
16 
18 
20 
11 
4 
14 
19 
9 
7 
6 
13 
15 
10 
21 
3 
1.000 
Dry season 
E' I Rank 
0.656 
0.743 
-0.972 
-0.709 
0.650 
-0.835 
0.513 
-0.533 
-0.53 1 
-0.693 
-0.578 
-0.935 
-0.527 
-0.471 
0.852 
-0.482 
-0.319 
0.352 
0.121 
0.264 
-0.686 
0.146 
0.900 
-0.699 
-0.4 10 
-0.082 
-0 828 
4 
27 
23 
5 
25 
6 
18 
17 
2 1 
19 
26 
16 
14 
2 
15 
12 
7 
10 
20 
9 
22 
13 
11 
24 
<50.0 (79) 50.1-55.0 (176) 55.1-60.0 (67) 60.1-65.0 (47) >65.1 (27) 
Diet E" I Rank Diet E" I Rank Diet E " I Rank Diet E" I Rank Diet E" I Rank 
Teleosts 
Acanthuridae (Surgeonfishes) 0.220 9 
Alhulidae (Bonefishes) 1 0.628 5 0.759 3 
Atherinidae (Silversides) 8 -0.941 15 15 -0.981 26 5 -0.983 22 -0.996 15 2 -0.989 14 
Balistidae (Triggerfish and :filefisbes) 3 0.705 3 8 0.435 8 5 0.622 6 0.037 6 
Batrachoididae (Toadfishes) 8 0.717 3 8 0.885 3 0.770 2 0.546 4 
Belonidae (NeedJefishes) 5 -0.827 24 3 -0.733 16 2 -0.772 12 -0.843 12 
-..J Bothidae (Lefteye flounders) -0.430 16 0'1 
Carangidae (Jacks) 0.686 4 3 0.454 7 0.411 7 2 0.715 3 
Cyprinodontidae (KiJlifishes) 4 -0.480 17 
Gerreidae (Mojarras) 22 -0.509 13 75 -0.691 21 37 -0.608 15 16 -0.766 11 13 -0.750 10 
Gobiidae (Gobies) 2 -0.336 12 3 -0.781 23 -0.801 21 
Haemulidae (Grunts) 5 -0.299 11 11 -0.672 20 3 -0.748 19 2 -0.785 13 3 -0.613 8 
Hemiramphidae (Halfbeaks) -0.898 25 -0.748 18 
Labridae (Wrasses) -0.722 22 -0.393 10 -0.293 7 
Lutjanidae (Snappers) 3 -0.273 10 14 -0.389 15 4 -0.494 13 2 -0.649 8 2 -0.560 7 
Ophichthidae (Snake eels and worm eels) 0.945 3 0.892 2 0.881 2 0.927 
Pomacentridae {Damselfishes) 2 -0.388 14 
Scaridae (Parrot:fishes) 12 -0.1 00 8 53 -0.253 13 9 -0.571 14 4 -0.735 10 7 -0.477 6 
Soleidae (Soles) -0.493 12 
Sparidae (Porgies) -0.245 12 0.345 4 
Sphyraenidae (Barracudas) 6 0.417 5 17 0.064 10 5 -0.051 9 7 0.226 5 2 -0.249 5 
-.J 
-.J 
Synodontidae (Lizardfishes) 0.503 4 
Crustaceans 
Alphaeidae (Snapping shrimps) 0.149 6 
Neogonodactylidae (Smashing mantis shrimps) 0.800 2 2 0.497 5 2 0.779 3 
Ocypodidae (Fiddler crabs) 0.956 
Palinuridae (Lobsters) 0.759 4 
Penaeidae (Shrimps) 11 -0.165 9 27 -0.550 18 5 -0.747 17 2 -0.864 14 -0.908 
Portunidae (Swimming crabs) 15 -0.052 7 28 -0.565 19 13 -0.484 11 5 -0.712 9 2 -0.836 
Pseudosquillidae (False mantis shrimps) 5 0.042 11 3 0.275 8 
Xanthidae (Mud crabs) 1 -0.536 14 -0.763 20 l -0.634 
Elasmobranchs 
Dasyatidae (Whiptail stingrays) 0.471 6 2 0.923 
Cephalopods 
Loliginidae (Inshore squid) 0.897 
Table 7.5. Ontogenetic variation in prey selectivity of juvenile lemon sharks based on the numerical proportions of food i in the diet 
(r;) and in the environment (p;) as determined by Vanderploeg and Scavia's (1979) relativised electivity index, calculated as Ei• = [Wi 
- (lln)]I [Wi + (lln)] where n is the number of food items and W; is calculated as (r;/p;)f'Z(r;/p;). Values of habitat and diet are the total 
number of individuals in each family determined by dietary analysis and extrapolation of catches in the environment, combining North 
Sound and South Bimini for an estimate ofBimini overall (see Tables 7.1 and 7.2 for total abundances). Shark size is precaudallength 
(PCL) in centimetres, with the number of shark stomachs examined in parentheses. Selectivity index values are a dimensionless unit 
and range from -1 to + 1, with positive numbers (highlighted in bold) indicating selective feeding, negative numbers indicating 
avoidance and zero values indicating random feeding. 
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7. 3. 5.1 Spatial variation in size selectivity 
Juvenile lemon sharks selectively preyed upon larger individuals in both the North Sound 
(Figure 7.4A) and South Bimini nurseries (Figure 7.4B). Distributions of prey sizes in the diet 
of juvenile lemon sharks were statistically greater than sizes in the environment in both the 
North Sound (Kolmogorov-Smimov test, P < 0.0001) and off South Bimini (Kolmogorov-
Smirnov test, P < 0.000 1). Lemon sharks ate proportionally less of the smaller prey, as well as 
demonstrating an avoidance of the largest prey in the environment. 
7.3.5.2 Temporal variation in size selectivity 
Juvenile lemon sharks consistently demonstrated a prey size preference, regardless of season, 
eating proportionally less of the small and large prey in the environment. Mean prey sizes 
(total length in cm± S.E., range, sample size) in the wet season were greater in the diet (12.9 
± 0.6 cm, range 2.2 to 41.4 cm, n = 176) than in the environment (8.2 ± 0.1 cm, range 0.3 to 
130.0 cm, n = 1181 0). Mean prey sizes in the dry season were also greater in the diet ( 11.8 ± 
0.4 cm, range 2.4 to 42.5 cm, n = 223) than in the environment (9.6 ± 0.1 cm, range 0.3 to 
115.0 cm, n = 13386). Distributions of prey sizes in the diet of lemon sharks were 
significantly greater than found in the environment in both the wet season (Kolmogorov-
Smirnov test, P < 0.000 I; Figure 7 .SA) and the dry season (Kolmogorov-Smirnov test, P < 
0.0001; Figure 7.5B). 
7.3.5.3 Size selection ofye/lowfin mojarra by juvenile lemon sharks 
Juvenile lemon sharks demonstrated no size selectivity with respect to their main prey, the 
yellowfin mojarra (Gerres cinereus). Size distributions of yellowfin mojarra in the diet of 
juvenile lemon sharks and in the environment were not significantly different in either the 
North Sound (Kolmogorov-Smimov test, P = 0.125; Figure 7.6A) or South Bimini nurseries 
(Kolmogorov-Smimov test, P = 0.140; Figure 7.6B). Frequency histograms of yellowfin 
mojarra sizes in the environment show two distinct peaks Guveniles and adults). Sizes of 
yellowfin mojarra in the diet of juvenile lemon sharks demonstrate a single peak, 
corresponding with adult sizes, indicating an avoidance of smaller mojarra by juvenile lemon 
sharks. 
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Figure 7.3. Size frequency distributions (not cumulative) of 22,617 fish and invertebrates 
measured from the environment (bars, left y-axis) and 399 measured from the stomachs of 
juvenile lemon sharks (line, right y-axis) at Bimini, Bahamas. Size (in centimetres) is total 
length in fish, carapace width ·in crustaceans and disc width in rays. Prey in the diet of 
juvenile lemon sharks were directly measured where possible, or total length calculated using 
bone-total length regressions (Chapter 6). Distribution of prey sizes in the diet was 
significantly different to prey sizes in the environment (Kolmogorov-Smimov test, P < 
0.0001). 
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Figure 7.4. Size frequency histograms (not cumulative) of fish and invertebrates caught in the 
environment (bars, left y-axis) and collected from the stomachs of juvenile lemon sharks (line, 
right y-a.xis) in the North Sound (A; 14,384 measurements from the environment, 257 from 
shark stomachs) and South Bimini (B; 10,812 measurements from the environment, 142 from 
shark stomachs) nurseries at Bimini, Bahamas. Size (in centimetres) is total length in teleosts, 
carapace width in crustaceans and disc width in rays. Prey in the diet of juvenile lemon sharks 
were directly measured where possible, or total length calculated using bone-total length 
regressions (Chapter 6). Size distributions in the diet were significantly different from size 
distributions in the environment in both nurseries (Kolmogorov-Smirnov test, P < 0.0001 ). 
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Figure 7.5. Size frequency histograms (not cumulative) of prey caught in the environment 
(bars, left y-axis) and collected from the stomachs of juvenile lemon sharks (line, right y-axis) 
in the wet season (A; 11,810 measurements from the environment, 176 from shark stomachs) 
and dry season (B; 13,386 measurements from the environment, 223 from shark stomachs) at 
Bimini, Bahamas. Size (in centimetres) is total length in teleosts, carapace width in 
crustaceans and disc width in rays. Prey in the diet of juvenile lemon sharks were directly 
measured where possible, or total length calculated using bone-total length regressions 
(Chapter 6). Size distributions in the diet were significantly different from size distributions in 
the environment in both seasons (Kolmogorov-Smimov test, P < 0.0001). 
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Figure 7.6. Total length frequency histograms (not cumulative) of yellowftn mojarra (Gerres 
cinereus) caught in the environment (bars) and collected from the stomachs of juvenile lemon 
sharks (line) in the North Sound (A; I ,025 measurements from the environment, 88 from 
shark stomachs) and South Bimini (B; 546 measurements from the environment, 36 from 
shark stomachs) nurseries at Bimini, Bahamas. Yellowftn mojarra in the stomachs of juvenile 
lemon sharks were measured where possible, or total length calculated from bone-total length 
regressions when heavily digested (Chapter 6). 
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7.3.6 Shark diet and prey community overlap 
Lemon shark diet demonstrated a greater degree of overlap with prey communities in the 
North Sound than off South Bimini due to the presence of large numbers of mojarra 
throughout the North Sound. Values of overlap between prey in the diet of juvenile lemon 
sharks and the environment were more significant in the mangroves, decreasing with 
increasing distance from shore (Figure 7.7). High values of overlap indicate a stronger 
relationship between shark diet and prey communities. Significant overlap between shark diet 
and mangrove communities reinforces the importance of mangroves to juvenile lemon sharks. 
Overlap was slightly less during the dry season in both nurseries, indicating a greater 
deviation in shark diet with respect to available prey communities. 
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Figure 7.7. Spatial variation in the overlap between fam ilies found in the diet of juveni le 
lemon sharks and in the environment: N011h Sound (£. ), South Bimini (• ), wet season (--) 
and dry season (-). Overlap was calculated with the simplified Morisita 's Index (Horn, 1966) 
using index of relative importance values expressed as a percentage for each prey fam ily 
(Pinkas et al. , 1971). Morisita 's values were significant if > 0.60, and as a dimensionless 
number have no error bars. 
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7.4 Discussion 
The results of this study represent the first quantitative determination of prey selectivity in 
any species of shark. Prior to this study, lemon sharks were thought to be opportunistic 
feeders, preying upon the most abundant species in the environment (Schmidt, 1986; Cartes 
and Gruber, 1990). This study clearly demonstrates that juvenile lemon sharks do not feed 
randomly on available prey, and that they exhibit species and size selectivity that varies 
spatially and temporally. Before discussion of the prey selection of juvenile lemon sharks, it is 
first necessary to comment on the different techniques used to determine selectivity. 
7 .4.1 Suitability of traditional electivity techniques 
A range of electivity indices are available in the literature, of which most are modifications of 
lvlev's original electivity index (Scott, 1920; lvlev, 1961; Manley et al., 1972; Jacobs, 1974; 
Strauss, 1979; Chesson, 1978; Vanderploeg and Scavia, 1979a,b; Rondorff et al., 1990). 
Although the strengths and weaknesses of different electivity indices have been documented 
(see reviews by Krueger, 1972; Cock, 1978; Strauss, 1979; Lechowicz, 1982; Pearre, 1982) 
they are regularly used to quantify prey selection without regard to the suitability of their 
application. 
Vanderploeg and Scavia's (1979a) relativised index was utilised in this study because it 
represents the feeder's perception of the value of a food item in relation to both its abundance 
in the environment and the other food types available. Although this index has a skewed 
distribution and is markedly non-linear (which is a necessary adjunct to stabilising the index 
under changes in relative abundance in food types, Lechowicz, 1982), it was utilised because 
it allows meaningful comparison of electivities from different sites because it has the 
advantage of being unaffected by the relative abundance of food types (Lechowicz, 1982). 
Surprisingly, many studies still use lvlev's (1961) index of electivity despite its well known 
shortcomings: it is non-linear with respect to changes in the proportions of prey in the diet and 
the environment, its distribution is skewed and values of+ I and -I can only be obtained if 
prey species are absent from habitat or stomach samples. Strauss (1979) proposed an index 
that is linear and symmetrical with respect to deviation of the index for all variations in the 
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proportions of prey in the diet to the environment, with a normal distribution that readily 
allows statistical comparisons. However, values calculated using this index for intermediate 
proportions of prey in the diet and the environment depend on the relative abundance of other 
items in the environment or the diet, precluding any field comparisons of electivity 
(Lechowicz, 1982). Strauss' ( 1979) index is therefore not amenable to comparison of 
electivity of an item sampled at sites with differing abundances of items in the environment or 
diet, and as a result it was not utilised in this study. 
Indices of electivity are widely used, but in comparison relatively few studies have employed 
statistical methods to determine prey selection. Chi-square residuals have the advantage that 
they are a well-developed non-parametric statistical test and results are directly comparable 
between tield and laboratory studies (Lyons, 1987). Results of chi-square residuals were 
preferred because of the lack of a single perfect index of electivity. Results of Vanderploeg 
and Scavia's relativised index were used to confirm the trends revealed by chi-square 
residuals. 
7.4.2 Comparison of electivity index and chi-square prey selection values 
Chi-square residuals and Vanderploeg and Scavia's relativised index disagreed on the degree 
of selection exhibited by lemon sharks for different prey families, except those ranked low in 
preference. Vanderploeg and Scavia's relativised electivity index was sensitive to prey that 
were rare in the diet and the environment, a criticism that has been previously reported 
(Lechowicz, 1982). Chi-square residuals indicated most prey of lemon sharks were selected 
due to their relative rarity in comparison to highly abundant silversides and herrings (see 
Appendix 5). Comparisons of traditional electivity indices and statistical tests can be 
problematic (Kohler and Ney, 1982). However, despite the disparity in values and ranks of 
electivity of different prey families in the diet of juvenile lemon sharks (calculated by chi-
square residuals and Vanderploeg and Scavia's relativised index), they both identified similar 
spatial and temporal trends in prey selection. 
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7.4.3 Prey selection by juvenile lemon sharks 
Juvenile lemon sharks demonstrated a high degree of size and species prey selection at 
Bimini, Bahamas. The selection and preference of prey by juvenile lemon sharks is probably a 
combination of prey calorific and proximate composition (energetic gain and palatability) and 
the probability of capture. When preference ranks of different prey of lemon sharks are 
compared spatially and temporally, a hierarchy is apparent, with lemon sharks selecting prey 
in the following order of preference: 
Toad fish Batrachoididae > barracuda Sphyraenidae > parrotfish Scaridae > filefish Balistidae 
> mantis shrimps Neogonodactylidae > mojarras Gerreidae > swimming crabs Porlunidae > 
mantis shrimps Pseudosquillidae > snappers Luljanidae > penaeid shrimps Penaeidae > 
grunts Haemulidae. 
Lemon sharks, like the fish in lvlev's ( 1961) early selection experiments, feed with greater 
selectivity upon slower, more easily captured prey such as mojarra, parrotfish, filefish and 
toadfish. These species all demonstrate behaviours that increase their susceptibility to 
predation by lemon sharks. Juvenile parrotfish and filefish inhabiting seagrass beds generally 
rely upon camouflage for protection from predation rather than an escape response, a 
behaviour that is negated by the keen detection senses possessed by sharks. Mojarra are 
particularly vulnerable to predation by lemon sharks because they hover stationary above the 
substrate while visually searching for benthic invertebrates (Cyrus and Blaber, 1982). In 
addition, their highly reflective silver scales probably increases their vulnerability to 
predation. Finally, lemon sharks are probably attracted by the low frequency vocalisations of 
toadfish from a long distance, resulting in their high selection by juvenile lemon sharks in all 
locations and seasons. 
Despite extensive sampling conducted in the environment (Chapter 4), snake eels, squid and 
fiddler crabs were under-sampled at Bimini, and surgeonfish under-sampled in the North 
Sound. This resulted in the overestimation of selection by juvenile lemon sharks of these 
species (see Tables 7.1, 7.2 and 7.4). Snake eels were under sampled throughout this study 
because the sampling techniques did not specifically target burrowing organisms. Lugworms 
(Arenicola marina) were excluded from this analysis for this reason. The occurrence of 
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burrowing organisms in the diet of lemon sharks ts probably as a result of opportunistic 
feeding. 
7.4.4 Spatial and temporal variation in prey selectivity 
If a predator selectively feeds upon the most abundant prey, the true selection process can be 
difficult to detect. Spatial and temporal analysis of prey selectivity enabled the elucidation of 
true selection of different prey by juvenile lemon sharks. Lemon sharks appeared to be 
opportunistically feeding on mojarra in the North Sound, but when mojarra were in lower 
abundances in the environment (South Bimini) their selection by juvenile lemon sharks 
became apparent (see Table 7.1). Similar trends were observed with lemon sharks 
opporlunislically feeding on grunts and filefish off South Bimini, but selectively feeding upon 
them in the North Sound where they were present in fewer numbers. 
Lemon sharks were more selective off South Bimini and during the wet season (using chi-
square residuals), when prey were more abundant (see Table 7.2). Lemon sharks appear to 
conform to the optimal foraging theory, which suggests that predators become progressively 
more selective as prey numbers increase (Krebs, 1978; Krebs and McCleery, 1984; Knights, 
1985). This hypothesis has been confirmed in other predatory teleosts, which have displayed 
decreased selection when prey are scarce (Wemer and Hall, 1974; Pyke, 1979; Rajasilta and 
Vuorinen, 1983). Predators are thought to become less selective in areas where prey are 
scarce due to increased hunger resulting in opportunistic feeding (Landenberger, 1968). The 
decreased selection in the North Sound was in part due to the larger sample size identifying 
more rare prey items in the diet of juvenile lemon sharks. However, a combination of extreme 
environmental conditions and decreased prey availability probably increased the hunger of 
sharks in the North Sound, and subsequently decreased prey selection. 
7.4.5 Ontogenetic variation in prey selectivity of juvenile lemon sharks 
The selectivity of predatory fish may change with experience of different food types and by 
the relative abilities of different prey to evade or discourage predators (lvlev, 1961). Lemon 
sharks demonstrated an ontogenetic shift in prey preference and selection (see Table 7.3). 
Ivlev ( 1961) found that carp conditioned to a particular prey demonstrated increased selection 
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for that prey in subsequent tests involving alternative prey. Many of the ontogenetic changes 
in prey selection by lemon sharks reflect the increased ability of lemon sharks to catch prey, 
rather than the ability of prey to avoid lemon sharks, although this needs to be experimentally 
determined. Small juvenile lemon sharks were the least selective, probably due to their lack of 
experience and inability to catch prey, while larger lemon sharks preyed upon larger and 
faster moving species which are more difficult to capture. 
Toadfish were selectively preyed upon by all but the smallest shark size class. Young lemon 
sharks were demonstrated to lack the ability instinctively to recognise their prey (Beulig, 
1982) and had to learn specific sounds associated with the availability of food. Lemon sharks 
appeared to learn to prey upon toadfish with selection increasing in sharks up to 60.0 cm PCL, 
after which selection decreased, probably due to the small size that toadfish attain resulting in 
less energetic return for the shark. 
7.4.6 Prey size selection 
Lemon sharks demonstrated prey size selection, avoiding highly abundant small prey as well 
as larger individuals in the environment. The size selection exhibited by juvenile lemon 
sharks is even more pronounced than the data suggest, due to a slight bias in the sampling 
methodology. The exclusion of gill net data resulted in an underestimation of larger species in 
the environment, and catches of highly abundant small, schooling fish (e.g. herrings and 
silversides) were biased as not all the individuals were measured. 
Predators generally consume the largest prey available, but the idea of gape width limiting 
prey size in juvenile lemon sharks was rejected in Chapter 6 (section 6.5.2). The risk of 
capture for prey of fishes has generally been thought to follow a positive linear relationship of 
greater risk with increasing size of prey (Ware, 1973; Werner and Hall, 1974; Vinyard and 
O'Brien, 1975). As gape width probably doesn't limit the prey size of juvenile lemon sharks, 
the maximum size of prey that they consume is most likely determined primarily by their 
hunting ability and the risk associated with the capture oflarger prey. 
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7.4. 7 Diet and environmental overlap 
This study also compared the overlap m relative importance of families in the diet and 
environment, the first time the simplified Morisita's index has been applied to this sort of 
comparison. The greater degree of opportunistic feeding in sharks from the North Sound was 
apparent in the high degree of overlap in all seasons and distances. The higher degree of 
overlap between lemon shark diet and mangrove communities in the South Bimini nursery 
indicates the importance of mangroves and the species that inhabit them to lemon sharks. 
7.4.8 Conclusion 
Lemon sharks do not feed randomly on available prey and demonstrate a high degree of size 
and species selection spatially and temporally. Lemon sharks appear to conform to the 
optimal foraging theory, with selectivity increasing when prey were more abundant. However, 
the presence of burrowing prey (snake eels and lugworms) and scavenged prey (stingray and 
bonefish) indicates that lemon sharks can also be opportunistic feeders. Opportunistic feeding 
was greatest during times of low prey abundance and is probably associated with shark fitness 
and hunger. In this sense, opportunistic feeding is not sub-optimal, but necessary for survival. 
Prey selection by juvenile lemon sharks is a combination of prey vulnerability, prey size as 
well as shark learning and hunting ability. The lack of any previous study of prey selection in 
sharks precludes the comparison of these results with other studies, but this study should be 
reproduced on other species that utilise nursery areas. 
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Chapter 8 
General Discussion 
This study has successfully demonstrated prey preference in juvenile lemon sharks (Chapter 
7). The calculation of prey preference was made possible by the small home ranges possessed 
by juvenile lemon sharks, enabling an accurate and detailed description of the prey 
communities that juvenile sharks encounter. Prey selection in juvenile lemon sharks was 
calculated by comparing the proportions of prey in the diet from the most detailed dietary 
study of juvenile lemon sharks conducted to date (Chapter 3), with .the proportions of prey in 
the environment in the most detailed and comprehensive quantitative sampling of the 
mangrove and seagrass environment ever conducted in the Bahamas (Chapter 4). 
8.1 Diet and prey selection of juvenile lemon sharks 
The larger sample size than previous studies resulted in the identification of a wider range of 
prey than had previously been identified in the diet of juvenile lemon sharks (Schmidt, 1986; 
Cortes and Gruber, 1990; Chapter 3). The wide range of prey identified in the diet and the 
occurrence of sand eels, lugworms, stingrays and bone fish in juvenile lemon shark stomachs 
were all indicators of opportunistic feeding. Stingray was recovered from three shark 
stomachs which had all fed upon the same individual, and the occurrence of the anterior 
portion of a large bonefish in the stomach of one juvenile was probably due to the shark 
opportunistically feeding on a fish while on the hook of a bonefisherrnan. Bonefishermen in 
the North Sound have often observed lemon sharks attempting to steal their catch (pers comm. 
with local bonefishermen). 
However, the high importance of mojarra in the diet irrespective of location, season, shark 
size or sex suggested that lemon sharks could be selective feeders (Chapter 3). The lack of 
seasonal variation in the diet despite seasonally fluctuating prey abundances in the 
environment suggested that lemon sharks were feeding selectively. Community analysis 
revealed distinct differences in prey communities in the North Sound and South Bimini, 
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confirming that some selection was occurring, as mojarra were the preferred prey despite 
different abundances in each nursery. Prey community sampling revealed South Bimini to be 
a more stable environment, with little seasonal variation in prey communities (Chapter 4). lt 
was therefore hypothesised that lemon sharks should be more selective off South Bimini due 
to the more favourable environmental conditions, stable prey communities, and prey in 
greater diversity and abundances than in the North Sound. 
These theories of prey selection were confirmed by the determination of prey selection of 
juvenile lemon sharks (Chapter 7). Prey selection of juvenile lemon sharks calculated using 
chi-square residuals was preferred due to the tendency of traditional indices to overestimate 
the selection of items rare in the diet or in the environment (Chapter 7). Although the degree 
of selection varied with technique, both chi-square residuals and Vanderploeg and Scavia's 
relativised electivity index revealed identical spatial and temporal trends in prey selection by 
juvenile lemon sharks. Lemon sharks were identified to be selective feeders, both in terms of 
prey family and prey size. As was hypothesised in Chapter 4, lemon sharks were more 
selective off South Bimini. This was probably due to the more favourable environmental 
conditions and greater prey abundances in the South Bimini nursery. In an area such as the 
North Sound where somatic growth is reduced due to high maintenance costs incurred by 
unfavourable environmental conditions (Barker et al., in press), sharks are probably hungrier 
and therefore more opportunistic. The comparison of two areas of contrasting productivity, 
and subsequently differing prey communities and abundances, was vital in the elucidation of 
prey selection by juvenile lemon sharks. This comparison revealed the selection of different 
prey families at different abundances, identifying the lemon sharks' selection for their main 
prey: the yellowfin mojarra. 
Prey switching occurs when there is a disproportionately large number of attacks upon a 
species when the species is abundant, and disproportionately small numbers of attacks when 
the species is relatively rare (Murdoch, 1969). Conditions which favour switching behaviour 
in general predators would include: (I) prey which are patchy in distribution in both space and 
time with respect to the search range of the predator, (2) nonsessile searching behaviour in the 
predator, and (3) use of sensory detection systems which work at a distance (Comell, 1976). 
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All of these conditions relate to the lemon shark, and from comparisons of the diet and prey 
preference of juvenile lemon sharks it appears as though some switching is occurring. For 
example, in the North Sound, where mojarra are abundant and parrotfish are rare (see Chapter 
4) lemon sharks heavily preyed upon mojarra. However, off South Bimini, where mojarra 
were relatively rare and parrotfish abundant, lemon sharks switch to parrotfish prey, although 
mojarra are still disproportionately preyed upon. The extent of prey switching and the 
densities at which it occurs need to be quantitatively determined in controlled feeding trials. 
Lemon sharks usually selected slower moving prey that were easy to capture, avoiding large 
fast moving species that were more difficult (and potentially more dangerous) to capture 
(Chapter 6 and 7). The selection of many benthic species (such as mantis shrimps, penaeid 
shrimps and swimming crabs) was probably due to the propensity of lemon sharks to swim 
close to the substrate. However, the difficulty in catching and consuming crabs often resulted 
in only their partial consumption (Chapter 3). Prey handling trials conducted during this study 
(data not presented here) confirmed this theory, with sharks regularly bumping or "nosing" 
crabs, occasionally taking them into their mouths but usually spitting them out. 
Community sampling indicated that habitat degradation results in a reduction of the 
biodiversity of an area (North Sound). Construction may reduce tidal flow and water 
movements resulting in extremes of temperature and salinity. This in turn will decrease 
primary production, resulting in the decreased biodiversity observed in the North Sound 
nursery. In areas of low productivity that are impacted by anthropogenic activities, lemon 
sharks feed more opportunistically, which may result in reduced growth as a result of 
increased maintenance costs and increased consumption of sub-optimal prey. This will 
ultimately affect the life history of the lemon shark, as juveniles will have to spend longer in 
the nursery due to decreased growth rates. Therefore recruitment into the adult population will 
decrease, and while fishing pressures are maintained this could result in a decrease in the 
adult shark population (if this was the only shark nursery), which in turn will impact the 
number of sharks using the nursery for parturition, and ultimately a decline in the entire 
western Atlantic lemon shark population. 
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Elasmobranchs play an important role in the marine ecosystem in relation to the populations 
of fish and invertebrates at lower trophic levels (Ell is et a/, 1996). Murdoch (1969), Murdoch 
and Oaten (1975), and Lubchenco (1978) have shown that an animal that feeds 
disproportionately on its most abundant prey type will result in an increase in community 
stability by preventing the competitive exclusion of more scarce types by more abundant 
species. Therefore, within the North Sound lemon sharks may be contributing to the overall 
diversity by feeding opportunistically on highly abundant mojarra. 
8.2 Assumptions made for the determination of prey selection 
The accuracy of prey selection estimation in juvenile lemon sharks (Chapter 7) depends upon 
the accuracy of the methods used to determine the number of organisms in the diet and the 
environment. Four main assumptions were made in order to determine prey selectivity in this 
study: 
I) Prey communities were accurately and sufficiently sampled in both the diet and 
the environment. 
2) Population sizes were reasonably estimated by extrapolation of catch data. 
3) Lemon sharks fed within 200 m of the mangrove fringe. 
4) All prey were available to juvenile lemon sharks. 
Cumulative prey curves plotting prey types against stomachs analysed, and species log-
abundance plots of species in the environment, indicated the diet of juvenile lemon sharks and 
abundance of organisms in the environment were accurately described by the sample sizes in 
this study. The prey community sampling techniques employed complemented each other and 
the extensive sampling provided accurate descriptions of prey communities. However, 
burrowing organisms (snake eels and lugworms) were not targeted by the sampling and as a 
result the selection of these species was overestimated (Chapter 7). 
Estimation of prey communities in the environment by extrapolation of catches was adequate 
for describing population sizes. Originally mark-recapture techniques were proposed to 
estimate prey communities, but due to time restrictions this was not practical. Spatial variation 
198 
in communities with increasing distance from shore (Chapter 4) required catches to be 
separately extrapolated by distance and then summed to provide an overall estimate of prey 
abundances in the environment. Extrapolation of estimates probably resulted in the 
overestimation of rare species in the environment. However, extrapolated estimates of shark 
population sizes within the nursery were very similar to population estimates from mark-
recapture studies, suggesting that this technique was acceptable for describing prey 
abundances in the environment. 
The significant correlation between shark diet and mangrove and seagrass communities 
(Figure 7.6) indicated that lemon sharks were feeding within 200 m of the mangroves. 
However, squid were found in the diet of juvenile lemon sharks and visual surveys revealed 
squid in high abundances further than 200 m from shore. Therefore, although lemon sharks 
may feed during their occasional forays further from shore (Morrissey and Gruber, 1993a), 
the assumption that sharks fed within 200 m of the mangrove fringe was acceptable. 
The presence of burrowing organisms (e.g. snake eels and lugworms) in the diet of juvenile 
lemon sharks is testament to their highly plastic mode of foraging, and suggests that most 
prey were available for lemon sharks to feed upon. Species that sheltered within the 
mangroves were forced out over the seagrass on ebbing tides, making them accessible to 
juvenile lemon sharks. All but the largest and fastest moving prey were probably available for 
consumption. Therefore the items that are selected may represent a compromise between 
preferred prey and prey that are available. Gillnets selectively caught the larger organisms 
over seagrass beds, and were excluded from the size analysis due to the lack of occurrence of 
larger organisms in the diet of lemon sharks. Therefore, prey preference was calculated using 
the sizes and species that sharks could feed upon. 
8.3 Bone-length measurements and their application 
The collection of fish skeletons for bone-length measurements resulted in a reference 
collection that increased the level of prey identification from lemon shark stomach contents, 
as well as accurate regressions for predicting original size of partially digested prey recovered 
from lemon shark stomachs (Chapter 5). Linear regressions provided the best fit for 14 bone-
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total length regressions in fish and I 0 carapace measurements for original size estimation of 
crab and shrimp prey (Chapter 5). The wide range of bone measurements enabled flexibility 
when estimating original size from stomach content remains. Original size was obtained for 
350 dietary items, of which 85 % of these were calculated using bone-length regressions 
(Chapter 6). Prey size of juvenile lemon sharks was species dependent, and although juvenile 
lemon sharks demonstrated an ontogenetic variation in prey size (see below, section 8.4) there 
was no temporal or spatial variation in prey sizes in the diet of juvenile lemon sharks (Chapter 
6). 
Lemon sharks selectively preyed upon slower moving, more easily captured species (Chapter 
7). Prey sizes in the diet of juvenile lemon sharks were significantly different from prey sizes 
available in the environment. Juvenile lemon sharks avoided very large and very small prey, 
feeding disproportionately on intermediate sized prey, with the mean prey size in the diet of 
nursery-bound juvenile lemon sharks 12.4 ± 0.4 cm (mean ± S.E., n = 40 I). Hansel et al., 
(1988) observed that large prey items might be over represented because their bones may be 
more resistant to digestion, however this potential error was avoided by extensive dietary 
analysis. Juvenile lemon sharks demonstrated a preference for consuming prey whole, despite 
possessing the dentition to consume larger prey items in more manageable pieces. Predators 
have generally been shown to consume the largest prey available (lvlev, 1961; Ware, 1972) 
with gape width often thought of as limiting the maximum size of prey consumed (e.g. 
Lawrence, 1958, Lukoschek and McCormick, 200 I; Huskey and Turingan, 200 I; Chapter 6). 
However, the availability of prey in the environment is affected by the predator's hunting 
ability, with fast or large prey that cannot be caught by the predator unavailable for 
consumption. Therefore, the hunting ability of juvenile lemon sharks probably limits the 
maximum size of prey that lemon sharks can consume. Gape width may still influence prey 
selection to a degree, as lemon sharks appear to prefer consuming prey whole: 48.6 % of the 
573 fish recovered from lemon shark stomachs were consumed whole (Chapter 6). However, 
the maximum size of prey that they consume is most likely determined primarily by their 
hunting ability and the risk associated with the capture of larger prey. The importance of food 
size has been demonstrated to be correlated with growth in fishes in the field (e.g. LeCren, 
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1958; Parker and Larkin, 1959; Hall et al., 1970), with lemon sharks probably consuming the 
largest prey that they can catch in order to maximise energy intake and ultimately growth. 
The main prey of juvenile lemon sharks (yellowfin mojarra) were consumed in proportion to 
their sizes in the environment. This analysis was conducted to species to exclude the many 
small mojarra from the genus Eucinostomus (e.g. slender mojarras, E. jonesii), with yellowfin 
mojarra comprising of approximately 98% of all mojarras in the diet of juvenile lemon sharks 
(see Appendix I, Table I). Juvenile lemon sharks probably do not distinguish between species 
of mojarra, and therefore yellowfin mojarra were probably the major dietary item of juvenile 
lemon sharks not only because of their ease of capture and conspicuousness, but also because 
of their favourable sizes in the environment. 
8.4 Ontogenetic variation in juvenile lemon shark diet and prey selection 
Lemon sharks demonstrated ontogenetic variation in diet breadth (Chapter 3), stomach 
content weight (Chapter 3) and prey size (Chapter 6), but the only source of ontogenetic 
variation in prey selection was attributed to an increase in the consumption of parrotfish by 
small juvenile lemon sharks (Chapter 7). These trends suggest that neonate lemon sharks are 
probably less selective (broader diet), with juveniles typically associated with rapid growth 
and a large appetite. The smallest size lemon sharks had the least stomach content weight, 
broadest diet and smallest prey size, probably due to lack of hunting experience and ability, 
forcing them to forage more opportunistically on smaller easier to catch prey. The greater 
occurrence of suboptimal prey in the diet of smaller lemon sharks suggests that larger lemon 
sharks are probably more efficient foragers in areas with patchy prey distributions such as 
these nurseries. This is probably why juvenile lemon sharks orientate to the mangroves, where 
prey are more dense, in order to maximise their foraging efficiency. Juvenile lemon sharks 
demonstrated a significant ontogenetic variation in prey size, with sharks over 60.0 cm 
precaudallength (77 cm total length, TL; TL = 1.256*PCL + 1.8654) consuming significantly 
larger prey (Chapter 6, Figure 6.4). This switch to larger prey suggests that juvenile lemon 
sharks are foraging optimally, maximising energy intake by consuming the largest prey that 
they can catch. 
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8.5 Daily ration estimates in juvenile lemon sharks 
Bone-length regressions provided a more accurate method of daily ration estimation m 
juvenile lemon sharks than traditional back-calculation techniques. Traditional methods 
overestimated the daily ration of juvenile lemon sharks, with the daily ration of juvenile 
lemon sharks at Bimini in this study 1.34 ± 0.10% BW/d (mean± S.E. body weight per day), 
in comparison to earlier estimates of around 2 % B W/d (Clark, 1963; Longval et al., 1982; 
Cartes and Gruber, 1990). Daily ration estimates did not vary significantly spatially, 
temporally or with respect to shark sex, although daily ration of juvenile lemon sharks was 
slightly higher in the North Sound during the wet season, and increased with shark precaudal 
length. Daily ration in fish normally decreases with increasing fish size (Pandion, 1967). The 
opposite trend observed in juvenile lemon sharks suggests that their daily ration is governed 
by their hunting ability, and as a result small juvenile lemon sharks are probably not feeding 
at their maximum rate. Predators have been demonstrated to be most selective when feeding 
at a higher rate (lvlev, 1961; Landenberger, 1968). However, juvenile lemon sharks were 
most selective off South Bimini, where daily ration estimates were lower than in sharks from 
the North Sound. Higher daily ration estimates of juvenile sharks in the North Sound in 
relation to sharks off South Bimini were probably due to elevated temperatures in the wet 
season that increased digestion rates, and due to the smaller size of sharks in the North Sound. 
The hostile environment in the North Sound and the influence of temperature on prey 
communities was discussed in Chapter 4. With respect to bioenergetics, the hostile 
environmental conditions in the North Sound probably increase maintenance costs (Winberg, 
1956), resulting in a decrease in somatic growth (Barker et al., in press). Therefore, due to 
increased maintenance costs in the North Sound, juvenile lemon sharks probably need to eat 
more and feed more opportunistically in order to survive. Finally, the high abundance of prey 
in the environment and the low estimate of daily ration indicates that food is not limiting for 
juvenile lemon sharks within the nursery, which may explain the lack of diet partitioning 
observed in different sized juvenile lemon sharks. 
8.6 Optimal foraging of juvenile lemon sharks 
Relatively low levels of predation in the nursery and lack of aggressive interactions with 
conspecifics means that lemon sharks, in terms of the optimal foraging theory, should be 
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energy maximisers. This means that juvenile lemon sharks are foraging to maximise their 
energy intake in order to maximise growth so that they can attain a size where they can avoid 
predation from larger sharks. The results presented in this study suggest that juvenile lemon 
sharks conform to the optimal foraging theory, demonstrating greater selection when prey 
were more abundant. Prey selection was greatest in juvenile lemon sharks off South Bimini 
and in the wet season, when estimated population abundances were greatest (Chapter 7). 
Foraging in juvenile lemon sharks can be thought of in terms of the diet-width model 
proposed by MacArthur and Pianka (1966). This model suggests that a predator encounters 
prey in proportion to their abundances in the environment and then makes a choice to either 
catch the prey or continue searching. Therefore, if a predator is too specialised, then it will 
spend most of its time (and therefore energy) searching for prey, but if it is too generalised 
then it will pursue a lot of unprofitable prey. Any shark can be an opportunistic feeder when 
the proper assortment of stimulating conditions prevail (Springer, 1967). A predator cannot be 
so selective that it starves and therefore juvenile lemon sharks may have to consume sub-
optimal prey in order to survive when prey are scarcer, such was the case in the North Sound. 
Lemon sharks feeding opportunistically in the North Sound is therefore more optimal than 
selective feeding, and necessary for their survival in this atypical, environmentally hostile, 
environment. 
8. 7 Importance of mangroves at Bimini 
Mangroves supported a wide range of species at Bimini of which most were present as 
juveniles (Chapter 4). The importance of mangroves in this study was not only demonstrated 
by an increase in catch diversity and biomass in situ, but also by an extension of fauna( 
communities onto fringing seagrass habitats (Chapter 4). Morisita's index of overlap was used 
to identify the importance of mangrove communities to lemon sharks by comparing the 
relative importance of prey in different habitats (mangroves and divisions of seagrass by 
distance from shore) with the relative importance of prey in the diet of juvenile lemon sharks 
(see Figure 7.6). In the North Sound, where sharks were more opportunistic feeders, no one 
particular habitat stood out as more important with respect to the diet of juvenile lemon sharks 
during the wet season. However, in the dry season, when trends in species communities, 
diversity and biomass were more similar to those observed off South Bimini (Chapter 4), the 
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prey communities in the mangroves and seagrass beds within 50 m of the mangroves were 
most similar to the diet of juvenile lemon sharks. Off South Bimini, the overlap in diet and 
prey communities was greatest in the mangroves. The greater similarity in lemon shark diet 
composition with mangrove rather than seagrass communities demonstrates their greater 
importance to lemon sharks than seagrass beds. Juvenile lemon sharks demonstrate a positive 
correlation with the shoreline, usually swimming within 50 m of the mangroves (Morrissey 
and Gruber, 1993a). The tendency of lemon sharks to spend most of their time within this area 
is probably due to the high abundance, diversity and biomass of prey in the mangroves and 
over fringing seagrass within 50 m of the mangrove fringe, and not predator avoidance as 
suggested by Morrissey and Gruber (1993a). This behaviour has also been hypothesised in 
tiger sharks Galeocerdo cuvier, which were demonstrated to spend more time over seagrass 
habitats with abundant prey (Heithaus et al., 2002). The patchy distribution of prey within the 
nursery means that lemon sharks increase their foraging efficiency by spending more time 
within this area. 
Mangroves are therefore important to a wide variety of species, and essential for the survival 
of juvenile lemon sharks within the nursery. The high diversity and abundance of juveniles of 
many species in the mangroves means continual destruction of these habitats will seriously 
impact the diversity and health of the waters inside and outside the nursery. It is therefore 
important not to underestimate the essential role that they play in the life cycle for many 
species in this region. The mangroves and fringing seagrass that juvenile lemon sharks use as 
a nursery are essential habitats for their survival. Congress defined an essential fish habitat 
(EFH) as "those waters and substrate necessary to fish for spawning, breeding, feeding or 
growth to maturity" (16 U.S.C. 1802(10)). In this definition, necessary means the habitat 
required to support a sustainable (adult) fishery and the managed species' contribution to a 
healthy ecosystem. Therefore, the protection of these areas, particularly within the limits of 
the shark nursery, must be an issue of immediate concern. 
8.8 Future work 
The data collected in this study was analysed with the aim of determining prey selection in 
juvenile lemon sharks. Further analysis will be conducted to determine variations in shark diet 
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and prey communities over the diel and tidal cycle. Preliminary catch data suggests that most 
species within the mangroves leave at night to forage over nearby seagrass beds, and 
subsequently prey selection may vary through the diel cycle due to increased vulnerability of 
some species at night. In addition, catch analysis can be further analysed to reveal species-
specific variations in abundances and sizes with respect to distance from the mangroves. 
Preliminary analysis revealed larger fish refuge in or near the mangroves, further reinforcing 
their importance to juvenile lemon sharks. 
It was necessary and advantageous to determine prey selection of lemon sharks in the wild 
prior to experimental determination in controlled conditions because controlled feeding trials 
rarely present prey in the same densities or availabilities as found in the environment. Further 
controlled feeding trials are necessary to confirm the prey preference of juvenile lemon sharks 
for different species and sizes. This study quantified the prey preference of juvenile lemon 
sharks, but controlled feeding trials are also required to elucidate the causal mechanisms of 
the prey selection process, particularly to discriminate between passive (encounter rate) and 
active (behavioural) selection (Eggers, 1982). Prey choice in optimal foraging is affected by a 
variety of factors that require further investigation in the lemon shark, e.g. palatability, 
nutritional quality (Werner and Hall, 1974), prey crypticity (Stein and Magnuson, 1976; Sih, 
1982; Main, 1987), predator experience, predator hunger, size of prey {lvlev, 1961; Brooks 
and Dodson, 1965; Ga1braith, 1967; Werner and Hall, 1974; Zaret and Kerfoot., 1975; Vince 
et al., 1976), prey vulnerability (Vinyard, 1980), prey activity (Ware, 1972, 1973), search path 
of the predator (e.g. Sims and Quayle, 1998) and the amount of time and effort required to 
capture different prey (Werner, 1974). Some preliminary trials have been conducted and 
confirmed the lemon sharks preference for yellowfin mojarra over a less preferred prey 
(snapper) at a wide range of densities to enable determination of the functional response of 
lemon sharks. 
The concept of optimal foraging now needs to be addressed in juvenile lemon sharks. Many 
of the results indicate towards lemon sharks maximising their growth in order to reduce the 
risk of predation. In order to estimate optimal foraging in juvenile lemon sharks, two more 
components are required: handling times and energetic content of the prey. During the course 
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of this study, both of these variables were collected. Handling times (the pursuit, capture and 
eating of prey) were determined from slow motion recordings of sharks fed different prey of 
different sizes. Once the calorific and proximate composition analysis of the prey is complete, 
the first optimal foraging model for an elasmobranch can be produced. In addition, the 
calorific and proximate composition data can be used in conjunction with this detailed dietary 
analysis to formulate a new bioenergetics model, improving on the earlier model in lemon 
sharks by Sundstroem and Gruber (1998). 
Further work is required on the movements of juvenile lemon sharks within their nurseries to 
provide more precise estimates of encounter rates. Accurate encounter rates will enable a 
more accurate estimate of prey selection by enabling a more accurate estimate of the 
proportions of prey encountered. Using acoustic telemetry, movements of juveniles within 
their nursery could be correlated with different biotopes and the fish assemblages associated 
with them, to see if sharks are maximising their foraging efficiency by choosing areas of 
greatest prey densities. Prey community catch data is in the process of being entered into GIS 
software. This process aims to provide a spatial map of species distributions within the shark 
nurseries, relating them with shark movements and bottom type/primary productivity. 
Biotopes within each nursery were quantified during this study in terms of the physical 
environment and its distinctive assemblages of conspicuous species. This analysis will also be 
used to establish baseline conditions in the area of a planned no-take marine reserve in the 
North Sound at Bimini, Bahamas. Further spatial analysis of abiotic variables is necessary to 
investigate the causes of spatial and temporal variation in prey communities and primary 
production with increasing distance from shore. 
Finally, the dietary data and catch data collected in this study will be included in an Ecopath 
mathematical model of the North Sound. Stomach contents collected from species killed for 
the osteology collection will be used to identify trophic interactions within the North Sound 
ecosystem. This mathematical model will enable the determination of biological support for 
juvenile lemon sharks and lo predict replacement rates into the general population. 
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8.9 General conclusion 
Juvenile lemon sharks at Bimini did not feed randomly on available prey, demonstrating 
species and size selection, which was greatest in areas of higher prey abundance. Lemon 
sharks appear to select slower moving easy to catch prey, with the maximum size probably 
limited by the hunting ability and experience of the shark. Yellowfin mojarra were the main 
prey of juvenile lemon sharks at Bimini, and these were probably preferred due to their 
abundance, ease of capture, high visibility and favourable sizes within the environment. It 
appears as though lemon sharks conform to the optimal foraging theory, maximising energy 
intake and therefore growth in order to reduce the risk of predation from other sharks. With 
growth and survival of juvenile lemon sharks influencing recruitment and adult fitness, prey 
selection of lemon sharks within their nursery appears to play an important role in the life 
history of lemon sharks. Catches of prey communities in the environment were greatest in 
diversity and biomass in and near the mangroves, and the diet of juvenile lemon sharks relied 
heavily upon the species that the mangroves support. Therefore, effort must be made to 
protect mangroves in the Bahamas, particularly in known shark nurseries. This study 
represents a great advancement in the knowledge and understanding of foraging behaviour in 
sharks, and as a result not all shark species can be thought of as mindless killers that eat 
everything they encounter. 
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Appendix 1 
Lemon shark diet identified to species 
Species found in the stomach contents of 396 juvenile lemon sharks, Negaprion brevirostris, 
from Bimini, Bahamas. Percentage number(% N), weight(% W) and occurrence(% 0) were 
calculated from the cumulative number (N), weight (W in grams) and occurrence (0, the 
number of stomachs found in) and used to calculate index of relative importance as a 
percentage (% IRI). Occurrence values are non-additive and were therefore recalculated for 
each taxonomic level. *Index of relative importance calculated as in Cortes and Gruber 
{1990) for comparative purposes. Calculation: (% N + % W + % 0). **Index of relative 
importance calculated as in this study following Pinkas et a/ (1971 ). Calculation: [(% N + % 
W) X% 0)]. 
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Table 1: Teleosts and Elasmobranchs 
Stomach content item N %N 0 %0 w %W IRI* IRI** 
Pisces 588 66.7 343 86.4 6371.49 94.34 71.49 98.600 
Teleostei 585 66.3 340 85.6 5865.82 86.86 69.01 92.990 
Acanthuridae Acanthurus sp. (surgeonfish) I 0.1 1 0.3 38.99 0.58 0.24 0.006 
Albulidae Albula vulpes (bonefish) 2 0.2 2 0.5 215.27 3.19 1.00 0.056 
Atberinidae Atherinomorus stipes (hardhead silverside) 31 4.8 28 7.1 32.78 0.88 3.24 1.300 
Balistidae A/uterus sp. (filefish) 1 0.1 1 0.3 0.34 0.01 0.09 0.001 
Cantherhines pulles ( orangespotted filefish) 15 1.7 4 1.0 19.68 0.29 0.77 0.066 
Cantherhines sp. (filefish) 1 0.1 1 0.3 11.45 0.17 0.14 0.002 
Batrachoictidae Opsanus beta (Gulftoadfish) 3 0.3 3 0.8 11.76 0.17 0.32 0.013 
Opsanus phobetron (scarecrow toad:fish) 7 0.8 5 1.3 18.93 0.28 0.60 0.044 
Opsanus sp. (toadfish) 10 1.1 10 2.5 22.70 0.34 1.02 0.121 
Belonidae Strongylura notata (redfin needlefish) 10 1.1 9 2.3 106.98 1.58 1.27 0.201 
Tylosaurus crocodilus (hound:fish) 1 0.1 0.3 3.60 0.05 0.11 0.001 
Bothidae Bothus lunatus (peacock flounder) I 0.1 0.3 0.15 0.00 0.09 0.001 
N Carangidae Caranx bartholomaei (yellowjack) 2 0.2 2 0.5 6.09 0.09 0.21 w 0.005 
N 
Caranx sp. Gack) 4 0.5 4 1.0 11.34 O.J 7 0.42 0.020 
Chloroscombrus chrysurus (Atlantic bumper) 0.1 1 0.3 17.20 0.25 0.16 0.003 
Cyprinodontidae Cyprinodon variegatus (sheepshead minnow) 4 0.5 3 0.8 1.06 0.02 0.31 0.012 
Gerreidae Eucinostomus gu1a (silver jenny) 3 0.3 2 0.5 35.22 0.52 0.35 0.014 
Eucinostomusjonesii (slender mojarra) 17 1.9 15 3.8 97.27 1.44 1.83 0.415 
Eucinostomus sp. (mojarra) 3 0.3 2 0.5 20.15 0.30 0.29 0.011 
Gerres cinereus (yellowfin mojarra) 128 14.5 115 29.0 3308.18 48.98 23.62 60.059 
Unidentified Gerreidae (mojarra) 12 1.4 11 2.8 32.14 0.48 1.18 0.166 
Gobiidae Bathygobius mystacium (island frillfin) 5 0.6 5 1.3 1.67 0.02 0.47 0.024 
Bathygobius soporator (fiillfin goby) 0.1 0.3 12.19 0.18 0.14 0.002 
Haemulidae Haemulonjlavolineatum (French grunt) 1 0.1 0.3 35.72 0.53 0.23 0.005 
Haemulon plumieri (white grunt) 2 0.2 2 0.5 46.63 0.69 0.36 0.015 
Haemulon sciurus (bluestriped grunt) 3 0.3 3 0.8 139.50 2.07 0.81 0.059 
Haemulon sp. (grunt) 18 2.0 18 4.5 95.40 1.41 2.04 0.511 
Hemiramj:!hidae Chriodorus atherinoides Q!ardhead halfbeak) 2 0.2 2 0.5 9.87 0.15 0.22 0.006 
Labridae Halichoeres bivitattus (slippery dick) O.I 0.3 2.21 0.03 O.IO 0.001 
Unidentified Labridae (wrasse) O.I 0.3 0.04 0.00 0.09 0.001 
Xyrichtys sp. (razorfish) I O.I 0.3 I7.59 0.26 O.I6 0.003 
Lutjanidae Lutjanus apodus (schoolmaster snapper) I O.I 0.3 3.25 0.05 0.11 0.001 
Lutjanus griseus (grey snapper) 2 0.2 2 0.5 I86.01 2.75 0.89 0.049 
Lutjanus sp. (snapper) 21 2.4 19 4.8 136.09 2.02 2.35 0.687 
Lutjanus synagris (lane snapper) 1 O.I 1 0.3 29.34 0.43 0.20 0.005 
Ophichthidae Myrophis sp. (snake eel) 6 0.7 6 1.5 6.49 0.10 0.58 0.038 
Pomacentridae Pomacentrus /eucostictus (beaugregory) 2 0.2 2 0.5 16.96 0.25 0.25 0.008 
Scaridae Sparisoma chrysopterum (redtail parrotfish) 4 0.5 3 0.8 16.42 0.24 0.37 0.017 
Sparisoma radians (bucktooth parrotfish) 2 0.2 2 0.5 14.38 0.21 0.24 0.007 
Sparisoma rubripinne (yellowtail parrotfish) 0.1 0.3 0.56 0.01 O.IO 0.001 
Sparisoma sp. (parrotfish) 74 8.4 56 14.1 361.27 5.35 7.11 6.328 
Unidentified scarid (parrotfish) 4 0.5 4 1.0 8.23 0.12 0.40 0.019 
Soleidae Trinectes inscriptus (scrawled sole) 1 0.1 I 0.3 0.49 O.OI O.IO O.OOI 
I:V Sparidae Calamus sp. (porgy) 2 0.2 2 0.5 0.71 0.01 0.19 0.004 
w Sphyraenidae Sphyraena barracuda (great barracuda) 37 4.2 36 9.1 562.69 8.33 5.52 3.709 w 
Synodontidae Saurida suspicia (inshore lizardfish) 0.1 1 0.3 40.91 0.61 0.25 0.006 
Unidentified teleosts 123 13 .9 IOl 25.4 83.04 1.23 10.38 I2.606 
Elasmobranchii 
Dasyatidae Dasyatis americanus (southern stingray) 3 0.3 3 0.8 505.67 7.49 2.19 0.193 
Table 2: Crustaceans 
Stomach content item N %N 0 %0 w %W IRI* IRI** 
Crustacea 130 14.74 110 27.7 276.54 4.09 13.45 3.700 
Alphaeidae Alphaeus hetereochaelis (snapping shrimp) 0.1 0.3 1.09 0.02 0.10 0.001 
Cymothoidae Cymothid isopod 0.1 1 0.3 1.10 0.02 0.10 0.001 
Neogonodactylidae Neogonodactylus oerstedii (smashing mantis shrimp) 5 0.6 5 1.3 2.24 0.03 0.48 0.025 
Ocypodidae Ucides cordatus (mangrove crab) 1 0.1 0.3 1.86 0.03 0.10 0.001 
Panurilidae Panurilus argus (spiny lobster) 0.1 1 0.3 1.08 0.02 0.10 0.001 
Penaeidae Penaeus duorarum (American pink shrimp) 46 5.2 36 9.1 39.59 0.59 3.80 1.718 
Portunidae Callinectes ornatus (ornate blue crab) 6 0.7 6 1.5 28.43 0.42 0.67 0.054 
Callinectes sapidus (blue crab) 2 0.2 2 0.5 29.15 0.43 0.30 0.011 
Callinectes sapidus acutidens (blue crab subspecies) 1 0.1 1 0.3 2.57 0.04 0.10 0.001 
N Callinectes sp. (blue crab) 31 3.5 31 7.8 119.74 1.77 3.35 1.348 
w Portunus spinimanus (blotched swimming crab) 0.1 0.3 9.97 0.15 0.13 
""" 
0.002 
Unid portunid (swimming crab) 22 2.5 22 5.5 15.15 0.22 2.11 0.492 
Pseudosquillidae Pseudosquilla ciliata (false mantis shrimp) 8 0.9 8 2.0 12.96 0.19 0.80 0.072 
Xanthidae Panopeus herbstii (mud crab) 2 0.2 2 0.5 11.57 0.17 0.23 0.007 
Unid xanthid 0.1 0.3 0.03 0.00 0.09 0.001 
??? Unid amEhiEod 0.1 0.3 0.01 0..00 0.09 0.001 
Table 3: Molluscs2 annelid worms, ~lant material and non-food mater·ial 
Stomach content item N %N 0 %0 w %W IRI* IRI** 
Mollusca 9 1.02 8 2.0 5.21 0.08 0.90 0.020 
Gastrapoda Batillaria minima (false Caribbean cerith) 2 0.2 2 0.5 0.23 0.00 0.19 0.004 
Prunum apicinum (common Atlantic rnarginella) 0.1 0.3 0.21 0.00 0.09 0.001 
Strombus gigas (queen conch) 2 0.2 0.3' 1.01 0.01 0.13 0.002 
Unidentified gastropod 2 0.2 2 0.5 3.69 0.05 0.20 0.005 
Loliginidae Sepioteuthis sepioidea (inshore squid) 0.1 I 0.3 0.06 0.00 0.09 0.001 
Annelida 
Arenicolidae Arenicola cristata (common lugworm) 3 0.3 3 0.8 11.31 0.17 0.32 0.013 
Plantae 144 16.33 109 27.5 17.46 0.26 12.73 3.230 
Angiospermae Conocarpus erect a (buttonwood) I 0.1 l 0.3 0.01 0.00 0.09 0.001 
Halodule beaudettei (shoal grass) 21 2.4 18 4.5 0.50 0.01 1.77 0.354 
Rhizophora mangle (red mangrove) 8 0.9 8 2.0 2.07 0.03 0.75 0.062 
N Thalassia testudinum (turtle grass) 105 11.9 89 22.4 14.55 0.22 8.82 8.872 \;.) 
V> Unidentified plant material 1 0.1 0.3 0.01 0.00 0.09 0.001 
Chlorophyta Batophora oerstedii 2 0.2 2 0.5 0.14 0.00 0.19 0.004 
Dictyota sp. (y branched algae) 0.1 0.3 0.05 0.00 0.09 0.001 
Halimeda incrassata (three finger leaf alga) 0.1 1 0.3 0.01 0.00 0.09 0.001 
Laurencia sp. 0.1 0.3 0.01 0.00 0.09 0.001 
Unidentified green algae 0.1 0.3 0.04 0.00 0.09 0.001 
Cyanophyta Unidentified blue algae 0.1 0.3 0.01 0.00 0.09 0.001 
Phaeophyta Sargassumfluitans (Sargassum seaweed) 0.1 0.3 0.06 0.00 0.09 0.001 
Miscellaneous Non-food material 8 0.9 7 1.8 71.54 1.06 0.95 0.113 
Appendix 2 
Mangrove communities - blocknet catches 
Total unadjusted number (N), weight (W, in grams) and occurrence (0, number of nets caught 
in) of teleost and crustaceans caught within the mangroves in wet and dry seasons at two 
locations at Bimini, Bahamas. Sample sizes (number of nets: area sampled, m2) are provided 
in parentheses. 
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North Sound South Bimini 
Wet !7, 3058 m1} Dry {17, 8693 m1} Wet ~6, 2038 m1} Dry {13, 6456 m1} 
Famil~/sl!ecies N w 0 N w 0 N w 0 N w 0 
TELEOSTS 
Acanthuridae (Surgeonfishes) 
Acanthurus bahianus, ocean surgeon 34.1 1 
Acanthurus chirurgus, doctor fish 42.8 
Atherinidae (Silversides) 
Atherinomorus stipes, hardhead silverside 432 929.0 14122 2449.6 2 8093 3526.2 4 
Batrachoididae (Toadfishes) 
Opsanus phobetron, scarecrow toadfish 13 93.6 2 
IV Belonidae (Needlefishes) w 
-....) Platybelone argula, keeltail needlefish 2 32.5 1 
Strongylura notata, redfin needlefish 47 486.5 6 306 5409.0 16 43 847.2 4 49 575.4 8 
Bothidae (Lefteye flounders) 
Bothus lunatus, peacock flounder 161.2 
Brotulidae (Brotulas) 
Ogilbiasp. 1.7 7 6.7 3 
Carangidae (Jacks) 
Caranx bartholomaei, yellow jack 4.1 
Chaetodontidae (Butterflyfishes) 
Chaetodon capistratus, foureye butterflyfish 3 8.7 2 5 15.7 2 
Clupeidae (Herrings) 
Harengula humeralis, redeared sardine 4.5 40 34.9 2 
Jenkinsia majua, slender herring 108 16.5 2 2 0.9 
Cyprinodontidae (Killi:fishes) 
Cyprinodon variegatus, sheepshead minnow 45 25.2 4 249 94.6 11 
Gerreidae (Mojarras) 
Eucinostomus gula, silver jenny 5 14.2 I 11 3.1 1 6 31.2 2 16 88.7 4 
Eucinostomusjonesii, slender mojarra 100 385.2 5 960 3206.1 13 245 1060.9 5 119 1014.7 10 
Eucinostomus lefroyi, mottled mojarra 6 29.1 2 
Eucinostomus melanopterus, flagfin mojarra 5 8.8 3 32 34.2 5 97 173.3 6 145 314.2 7 
Gerres cinereus, yellowfin mojarra 102 4524.5 7 504 10367.1 11 104 3553.4 6 392 27651.2 11 
Gobiidae (Gobies) 
Bathygobius curacao, notch tongue goby 4.8 5.1 I 3 5.0 1 
Bathygobius mystacium, island frillfin 4.5 8 17.8 2 112 163.6 6 190 266.4 11 
Bathygobius soporator, frillfin 8 34.9 3 2 2.2 2 12 31.3 5 
Erote/is smaragdus, emerald sleeper 3 2.9 2 19 47.1 6 
Gobionellus boleosoma, darter goby 2 0.3 
Gobionellus saepepallens, dash goby 0.0 I 0.2 
Lophogobius cyprinoides, crested goby 3 1.3 2 
Haemulidae (Grunts) 
Haemulon aurolineatum, tomtate 2 21.5 I 
Haemulonflavolineatum, French grunt 2 16.I I 
Haemulon parra, sailors choice 11 692.9 3 21 I456.9 7 
('..) Haemulon plumieri, white grunt 
w Haemulon sciurus, bluestriped grunt 23 1217.2 00 5 326 7723.4 8 
Labridae (Wrasses) 
Halichoeres bivitattus, slippery dick 2.7 1 
Halichoeres radiatus, puddingwife 25.3 1 
Lutjanidae (Snappers) 
Lutjanu~odus, schoolmaster 7 55.9 4 34 192.4 7 68 944.9 6 241 5475.8 10 
Lutjanus griseus, grey snapper 32.4 2 39.9 52 18305.5 8 
Mullidae (Goatfishes) 
Pseudopeneus macuiatus, spotted goatfish 7 13.1 4 
Peociliidae (Livebearers) 
Gambusia manni, Bahama gambusia 0.6 2 0.6 2 
Pomacentridae (Damsel fishes) 
Abudefduf saxatilis, sergeant major 3 16.7 2 41 86.8 9 
Pomacentrus leucostictus, beaugregory 8 66.6 2 20 121.4 5 
Stegastes planifrons, threespot damsel fish 4.8 
Scaridae (Parrotfishes) 
Scarus croicensis, striped parrotfish 48.8 
Sparisoma chrysopterum, redtail parrotfish 21 306.2 4 170 2435.0 11 
Sparisoma radians, bucktooth parrotfish 1 9 .6 1 I 1.3 I 
Sparisoma rubripinne, redfin parrotfish 14 368.7 4 13 268.9 3 
Sparisoma viride, stoplight parrotfish 6.3 3 14.5 2 
Soleidae (Soles) 
Trinectes inscriptus, scrawled sole 0.1 3 0.4 
Sphyraenidae (Barracudas) 
Sphyraena barracuda, great barracuda 6 124.4 2 20 149.0 6 19 528.7 4 53 2081.4 9 
Tetraodontidae (Puffers) 
Canthigaster rostrata, sharpnose puffer 1.2 
Sphoeroides nephelus, southern puffer 2 15.0 2 
Sphoeroides testudineus, checkered puffer 2 24.9 27 862.9 7 5 848.7 2 11 1918.6 6 
Xenocongridae (False morays) 
Chilorhinus suesoni, seagrass eel 8.4 
CRUSTACEANS 
Alphaeidae (Snapping shrimps) 
N Alphaeus armillatus, banded snapping shrimp 0.7 
w Alpheus armatus, brown snapping shrimp 2 1.5 1 \0 
Alpheus heterochaelis, common snapping shrimp 9 8.2 4 80 147.9 5 
Calappidae (Box crabs) 
Calappajlamma, flaming shamefaced crab 16.0 
Dromiidae (Sponge crabs) 
Macrocoeloma trispinosum, sponge spider crab 5.2 2.5 
Stenocionopsfurcata, decorator crab 167.1 
Grapsidae (Shore crabs) 
Pachygrapsus transversus, common shore crab 2 0.5 
Hippolytidae (Broken back shrimps) 
Hippolyte pleuracanthus, broken back shrimp 3 3.1 0.9 
Majidae (Spider crabs) 
Microphrys bicomutis, homed crab 2 3.9 13 32.9 5 
Mithrax sculptus, sculptured spider crab 1.5 
Ocypodidae (Shore crabs) 
Uca pugnax rapax, fiddler crab 0.1 0.3 
Palaemonidae (Commensal shrimps) 
Palaemonjloridana, Florida seagrass shrimp 153 4.5 143 41.1 3 
Palinuridae (Spiny lobsters) 
Panulirus argus, Spiny lobster 0.1 7 386.9 2 
Penaeidae (Penaeid shrimps) 
Penaeus duorarum, American pink shrimp 0.4 7 3.6 2 22 8.5 3 4 6.0 2 
Penaeus setiferus, white shrimp 0.4 
Portunidae (Swimming crabs) 
Ca/linectes danae, Dana's blue crab 17 452.5 3 7 356.6 3 
Callinectes exasperatus, rugrose swimming crab 61.9 
Callinectes larvatus, brown fingered callinectes 0.1 1 2 1.4 0.6 
Callinectes marginatus, marginal crab 2 188.1 1 14 425.2 3 
Callinectes ornatus, ornate blue crab 69 190.1 5 446 819.4 13 5 2.5 2 5 2.2 4 
Cal/inectes sapidus, common blue crab 18 376.1 4 152 1010.1 10 13 176.0 3 22 269.0 5 
Callinectes sapidus acutidens, blue crab subspecies 2 165.4 2 32 2667.3 8 1 91.1 
Portunus sayi, sargassum swimming carb 0.3 
Pseudosquillidae (Spearing mantis shrimps) 
N Pseudosquilla ciliate, false ciliated mantis 15 32.4 4 
+:- Xanthidae (Mud crabs) 0 
Leptodiusjloridanus, Florida leptodia 5 23.7 2 15 35.4 2 7 17.1 2 0.3 1 
Panopeus herbstii, common mud crab 15 37.8 4 48 74.7 5 23 128.0 3 45 84.9 9 
Pilumnus sayi, hairy wharf crab 13 2.3 2 
Appendix3 
Seagrass communities- Seine net catches 
Appendix 3.1 
Total unadjusted number (N), weight (W, in grams) and occurrence (0, number of nets caught 
in) of teleost, crustacean, elasmobranch and cephalopod families caught within 200 m of the 
mangrove fringe in the North Sound, Bimini, Bahamas. Catches are separated by distance 
from the mangrove fringe (0-50 m, 50-100 m, 100-200 m) and by season (dry: November to 
April, wet: May to October). Sample sizes (number of st:int: nets) are provided in parentheses. 
Each seine covered an area of 447m2• 
241 
0-SOm SO-lOOm lOO-lOOm 
Wet{4~ Dr:~: {45) Wet {45) D!J: {45) Wet{4~ D!J:{4~ 
Famii:~:IS(!ec:ies N w 0 N w 0 N w 0 N w 0 N w 0 N w 0 
TELEOSTS 
Albulidae (Bonefishes) 
Albula vu/pes, bonefish 20 30789.2 4 2 3912.3 2 5 10.2 3 4 3.3 3 1040.0 
Atherinidae (Silversides) 
Atherinomorus stipes, hardhead silverside 26848 84128.3 4 249 492.0 2 587 269.4 5 14 26.38 4 319 218.7 42 380.7 4 
Balistidae (Triggerfish and fi lefishes) 
A/utero schoefi, orange filefish 27.8 
Alutera scripta. scrawled filefish 4.1 2 11.4 2 4.33 
Cantherhinus pullus, orange spotted filefish 37.6 
Monacanthus ciliatus. fringed filefish 2 2.5 2 0.8 3 7.2 3 
Monacanthus IUckeri, slender fiJefish 2.8 I 2 0.7 
N 
Belonidae (NeedJefishes) 
~ A blennes hians, flat needlefish I 63.7 I 
N Strongylura natata, redfin needlefish 211 3809.4 20 475 14725.2 34 76 380.5 23 203 3428.37 31 44 332.7 19 116 1502.6 30 
Strongylura timucu, timucu 
Tylosaurus acus, agujon 2 54.7 2 18.3 1 39.67 
Tylosaurus crocodilus, houndf!Sh 4 266.4 4 20.2 2 265.22 2 2 197.9 2 
Bothidae (Lefteye flounders) 
Bothus /uruzrus, peacock flounder 0.72 1.4 
Bothus ocellatus, eyed flounder 3. 1 
Carangidae (Jacks) 
Cararrx bartholomaei. yellow jack 3.7 13.4 5 30.93 3 3 14.5 
Cararrx crysos. blue runner 3.5 
Caran:x latus, horse-eye jack 11 54.5 4 8 22.5 4 7 33.7 5 2 11.1 2 
Caranx ruber, bar jack I 13.9 
Chaetodontidae (Butterflyfishes) 
Choetadipterusfaber, Atlantic spadefish 1.7 2 15.2 2 
Choetodon capistratus. foureye butterflyfish 3 16.1 3 5.5 
Clupeida.e (Herrings) 
Harengula humeralis, redeared sardine 1.44 2.9 14 18.4 3 
Cynoglossidae (Tongueftshes) 
Symphurus plagiusa, blackcheek tongueftsh 4 11.3 4 
Cyprinodontidae (Killifishes) 
Cyprinodon variegatus, sheepshead minnow 2 l.9 
Fistulariidae (Cometfishes) 
Fistularia tabacaria, bluespotted cometfish 9.1 
Gerreidae (Mojarras) 
Eucinostomus gula. silver jenny 7 28. 1 2 71 307.3 4 7 65.9 2 4.3 2 
Eucinostomusjonesii, s lender mojarra 3427 13503.1 40 1153 5441.5 34 4402 16666.0 35 1571 6440.02 35 4121 14771.2 40 951 5879.3 33 
Eucinostomus lefroyi, mottled mojarra 13 14.4 3 3.23 
Eucinostomus melanopterus, flagfin mojarra 0.4 I 
Gerres cinereus, yellowfin mojarra 185 26628.5 28 128 15601.1 19 112 5467.1 9 362 21703.6 6 10 1681.2 3 11 1281.4 4 
Gobiidae (Gobies) 
Bathygobius mystocium, isl:md frillfin 2 1.5 
Haemulidae (Grunts) 
Haemulonflavolineatum, French grunt 10 31.0 
Haemulon parra, sailors choice 3 113.6 2 12 316.4 2 2 36.24 4 24.5 2 
Haemulon pb.unier~ white grunt 2 6.2 4 22.9 2 14.6 I 
N Haemulon sciurus, blueStriped grunt 4 228.2 2 25 322.1 7 31.31 43 570.4 6 7 15.4 2 
.,.. 
Hemirampbidae (Halfbeaks) \,;.) 
Chriodorus atherinoides, hardhead halfbeak 31 100.8 4 10 9 1.8 3 7 23.3 2 46 528.48 3 146 617.7 15 35 373.3 9 
Labridae (Wrasses) 
Halichoeres bivitottus, slippery d·ick 2 23.6 2 4.34 2 23.6 15.8 
Hemipteronotus novacula, pearly razorfish 3.6 
Hemipteronotus splendens, green razorfish 2.1 
Lachnolaimus maximus, hogfish 0.62 
Lutjanidae (Snappers) 
Lutjanus analis, mutton snapper I 1.0 I 
Lurjanus apodus, schoolmaster 20 269.4 10 9 157.5 5 6 274.8 5 6 38.03 4 5.9 
Lutjanus griseus, grey snapper 7 562.5 5 6 11 7.9 3 40 2209.7 12 5 356.54 5 4 171.2 2 7 323.9 4 
Lutjanus synagris, lace snapper 3 6.2 5.6 I 29 255.8 4 14 119.8 I 
Ocyurus chysurus. yellowtail snapper 8.1 2 20.5 
Ostraciidae (Truoldishes) 
Acanthostracion polygon/us, honeycomb cowfish 16.3 
Acanthostracion quadricomis, scrawled cowfish 2 123.7 2 
Lactophrys trigonus, trunkfiSh 3 875.1 3 4 790.2 4 4 1616.3 3 17 4757.02 10 19 4863 .5 11 10 1871.7 9 
Scaridae (Parrotfishes) 
Scarus croicensis, striped parrotfish 8 20.1 2 3.25 0.9 
Scarus taeniopterus, princess parrotfish 4.3 2 11.1 I 0.4 0.8 
Sparisoma aurofrenatum, redband parrotfish 6 212.4 
Sparisoma chrysopterum, redtail parrotfiSh 3 37.8 2 107.3 3 33.7 3 5 164.34 24 412.4 4 9 217.4 3 
Sparisoma radians, bucktooth parrotfish I 23.9 4.47 
Sparisoma rubripinne, redfin parrotfisb 2 122.4 
Scorpaenidae (Scorpionfishes) 
Scorpaena grandicomis. grass scorpionfish 3.9 
Soleidae (Soles) 
Trinectes inscriptus, scrawled sole 25 77.7 8 21 51.4 7 2 1 65.3 8 23 57.58 9 32 128.6 8 19 86.8 8 
Sparidae (Porgies) 
Calamus artifrons, grass porgy I 13.0 I 3 74.2 1 133.3 
Calamus calamus, saucereye porgy 7 75.3 3 2 90.1 2 8 342.7 3 3.4 
Sphyraenidae (Barracudas) 
Sphyraena barracuda. great barracuda 114 10650.5 23 131 16916.6 25 33 1332.3 14 51 3931.22 17 14 633.4 11 22 320.9 14 
Syngnathidae (Pipetishes) 
Corythoichthys albirostris, whitenosed pipefish 2 5.7 I 2 2.5 2 
N Corythoichthys brachycephalus, crested pipefish 4 106.8 3 3 18.6 2 I 6.8 I 
~ Hippocampus erectus, lined seahorse 0.8 3 ~ 4.59 3 
Syngnathus elucens, shortfin pipefiSh 3 5.2 3 4 7.2 3 2.6 
Syngnathusj/oridae, dusky pipefish 2 3.3 2 4 6.8 2 
Synodontidae (Lizardtishes) 
Synodus foe tens, inshore lizarclfish 20.4 88.6 39.5 4 199.9 4 2 49.6 2 
Tetraodontidae (Puffers) 
Canthigaster rostrata. sharpnose puffer I 1.1 2 1.8 
Sphoeroides nephelus, southern puffer s 55.5 3 16 69.8 7 4 24.7 4 26 219.12 13 7 73.9 s so 514.3 IS 
Sphoeroides spengleri, bandtail puffer 3 10.1 3 
Sphoeroides testudineus, cbeckered puffer 2 13.5 2 26 133.1 11 4 113.9 4 23 139.89 9 7 59.1 5 21 173.0 8 
Triglidae (Searobins) 
Prionotus scitulus, leopard searobin 9.0 
CRUSTACEANS 
Alphaeidae (Snapping shrimps) 
Alpheus heterochaelis, common snapping shrimp 1.2 
Dromiidae (Sponge crabs) 
Macrocoeloma trispinosum, sponge spider crab 0.6 
Stenocionops furcata. decorator crab 16.1 
Hippolytidae (Broken back shrimps) 
Hippolyte pleuracamhus, broken back shrimp 0.0 
Majidae (Spider crabs) 
Libinia dubia, spider crab 38.9 2 181.1 167.29 
Libinia emargin.aJa, common spider crab 3 52.1 23.7 
Neogonodactylidae (Smashing mantis shrimps) 
Neogonodactylus oerstedii, swollen-claw mantis 6.28 
Palinuridae (Spiny lobsters) 
Panulirus argu:s, Spiny lobster 1.44 0.7 
Penaeidae (Penaeid shrimps) 
Penaeus duoranun, American pink shrimp 267 121.3 19 34 30.2 14 345 264.2 21 60 37.39 13 146 115.3 24 41 62.0 14 
Penaeus seriferus, white shrimp 0.6 
Portunidae (Swimming crabs) 
Callinectes danae, Dana's blue crab 1.5 
Callinectes e:xasperatus, rugrose swimming crab 0.3 
Callinecres larvatus, brown fingered callinectes 0.72 
Callinectes marginatus, marginal crab 1.8 
tv Callinecles ornatus, ornate blue crab 105 67.1 17 67 406.5 16 138 299.7 IS 36 543.91 19 54 507.3 19 48 878.5 20 
~ 
Callinectes sapidus, common blue crab 26 90.8 9 Vl 57 200.5 13 64 184.8 9 9 872.32 7 6 7.6 6 3 206.0 I 
Portunus spinimanus, spiny hand portunid 2 0.5 2 4 1.4 4 2 0.4 2 13 10.8 6 9 4.9 5 
Pseudosquillidae (Spearing mantis shrimps) 
Pseudosquilla ciliate, false ciliated mantis 2 .6 
Xaothidae (Mud crabs) 
Panopeus herbstii, common mud crab 3 20.3 3 4 8.3 3 5 5.3 3 3 1.2 2 0.3 
ELASMOBRANCHS 
Carcharhinidae (Requiem sharks) 
Negaprion brevirostris, lemon shark 5 9405.1 4 1500.0 1900.0 4 6617.93 4 I 1247.4 
Dasyatidae (Whiptnil stingrays) 
Dasyatis americanus, southern stingray 275.6 
CEPHALOPODS 
Loliginidae (Inshore squid) 
See_ioteutlri.s se[!_ioidea, Caribbean reef ~wd 2 16.4 
Appendix 3.2 
Total unadjusted number (N), weight (W, in grams) and occurrence (0, number of nets caught 
in) of teleost, crustacean, elasmobranch and cephalopods caught within 200 m of the 
mangrove fringe off South Bimini, Bahamas. Catches are separated by distance from the 
mangrove fringe (0-50 m, 50-I 00 m, 100-200 m) and by season (dry: November to April, wet: 
May to October). Sample sizes (number of seine nets) are provided in parentheses. Each seine 
covered an area of 447 m2• 
246 
0-SOm SO-lOOm 100-200m 
Wet{4~ D!:,! {45} Wet{4S} D!:,! {45) Wet{45} D!:,! {4~ 
Famil;t!S~cies N w 0 N w 0 N w 0 N w 0 N w 0 N w 0 
TELEOSTS 
Acanthuridae (Surgeonfishes) 
Acanlhurus bahianus, ocean surgeon 2 8.0 2 l 4.7 l 2 7.3 2 
Acanlhurus chirurgu.s, doctor fish 2 5.7 5 24.2 3 3 57.0 3 4. 1 
Albulidae (Bonefishes) 
Albula vulpes, bonefish 2 1950.0 4 2600.0 
Antennariidae (Frogfishes) 
Histrio hisrrio, sru-gassum fish 0.3 
Atherinidae (Silversides) 
Atherincmorus stipes, hardhead silverside 5879 11 166.5 16 2903 3810.0 20 1255 807.3 15 892 96H 24 748 621.5 14 6624 6371.1 28 
Aulosromidae (Trurnpetfishes) 
Aulostomus maculatus, trumpet fish 5.9 2 21.0 2 7.6 
N Balistidae (Triggerfish and filefishes) ..,. 
-..) 
Alutera schoefi, orange filefish 15.3 I 
Alutera scripta, scrawled filefish 4 13.9 4 3 2.4 5 63.5 4 
Aluterus moncceras, unicorn filefish 1.3 
Canlherhinu.r pullus, orange spotted filefish 7.6 11.2 1 
Monacanlhus ci /ictus, fringed file fish 4 23.3 2 0.5 5 26.4 4 10 43 .9 4 
Monacanthus tuckeri, slender fi lefish 3 3.3 3 0.3 3 12.9 
Batrnchoididae (Toadfishes) 
Opsanus beta, Gulftoadfish I 1.3 I 
Opsanus phobetron, scarecrow toadfish 2 27.0 2 2 1.2 2 
Belonidae (Need.lefishes) 
A blermes hians, flat needlefish 2 17.6 90.2 
Platybelone argula, keel tail needlefish 16 309.3 2 2 47.3 .13.1 
Strongylura marina, Atlantic needlefish 3 22.7 1 1 15.9 
Strongylura notata, redfin needlefish 111 2137.4 20 283 8549.1 30 109 577.7 23 94 1720.0 22 173 3148.4 25 185 1722.0 18 
Strongylura timucu, timucu I 21.2 I 
Tylosaurus acus, agujon I 8.2 
Tylosaurus crocodilus, houndfish 19 991.0 8 17 3045.7 5 93 6955.3 13 74 14757.0 4 8 1226.6 6 9 2659.7 6 
Bothidae (Lefteye fl01mders) 
Bothus lunatus, peacock flounder 2 15.4 2 1.6 
Bothus ocellatus, eyed flounder 1.4 
Brotulidae (Brotulas) 
Ogilbia sp. 1.7 
Carangidae (Jacks) 
Caran:x bartholomaei, yellow jack 115.5 2 317.0 5 17.0 4 8 2148.4 4 
Caranx latus, horse-eye jack 7.6 I 20.5 1 
Caranx ruber, bar jack 2 1074.0 2 3 2367.6 3 425.0 3 573.4 3 525.0 1 
Trachinotus falcatus, permit 5540.0 
Chaetodontidae (Butterflyfishes) 
Chaetodipt.erusfaber. Atlantic spadefish 2 14.0 2 
Chaetodon capistratus, foureye buttertlyf'!Sh 6 16.2 2 6 20.2 5 6 24.7 6 1 13.1 
Clinidae {Clinids) 
Ma/acoctenus macnopus, rosey blenny 1.2 1.1 
Clupeidae (Herrings) 
Harengula humeralis, redeared sardine 5 2.0 I 1247 790.8 24 25.2 I 2.0 
Jenkinsia majua, slender herring 5 0.7 I 6 100 2497.3 3 90596 34675.1 2 
N Dactylopteridae (Flying gurnards) 
~ 
00 Dactylopteru.s voll.lans, flying gurnard 185.0 107.7 
Dactyloscopidae (Stargazers) 
Dactylocopus tridigitotus, sand stargazer 0 .6 
Echeneidae (Remoras) 
Echeneis neucratoides, whitefin sharksucker 4 270.4 2 1.3 1 
Fistulariidae (Cometfishes) 
Fistu/aria tabacaria. bluespotted cometfish 60.0 
Gerreidae (Mojarras) 
Eucinostomus gula. silver jenny 84 265.5 11 8 11.4 1 3 19.7 3 I 4.8 1 17 230.8 7 
Eucinostomusjonesii, slender mojarra 573 I 189.5 17 260 652.2 20 461 375.2 12 80 158.0 16 so 327.3 14 70 145.0 11 
Eucinostomus melanopteru.s, flagfin mojarra !I 23.0 2 8 3.8 2 I 1.3 I 2 3.5 I 
Ge"es cinereus, yellowfin mojarra 23 2498.6 12 15 1729.0 9 5 633. 1 4 5 637.0 5 10 2876.0 8 4 1481.6 2 
Gobiidae (Gobies) 
Bathygobi:us curaC/10, notch tongue goby 8 31.4 3 3 10.4 1 
Bathygobi:us mystocium, island frillfin 15 40.6 7 19 72.9 9 11 23.0 3 3 5.1 3 10 26.8 5 2 3.7 
Coryphopteru.s dicrus, colon goby 4.5 3 15.7 I 
Erotelis smaragdus, emerald sleeper 2.9 
Gobionellus saepepallens, dash goby 0.7 
Lophogobius cyprlnoldes, crested goby 2.0 1 
Haemulidae {Gnmts) 
Haemulon awolinearum, tomt:Ue 
Haemulonflavolineatum, French grunt 
Haemulon parra, sailors choice 
Haemulon plumieri, white grunt 
Haemulon sclurus, bluestriped grunt 
Hemiramphidae (Halfbeaks) 
Chriodorus aJherinoides, hardhead halfbeak 
Hemiramphus brasiliensis, ballyhoo 
Holocentridae (Squirrelfishes) 
Holocentrus adscensionis, squirrelfish 
Labridae (Wrasses) 
Halichoeres bivitatrus, slippery dick 
Lutjanidae (Snappers) 
Lutjanus ana/is, mutton snapper 
Lutjanus apodus, schoolmaster 
Lutjanus griseus, grey snapper 
Lutjanus synagris, lane snapper 
Ocyurus chysurus, yellowtail snapper 
Mullidae (Goatfishes) 
Mulloidichthys martinicus, yellow goatfish 
Pseudopeneus macularus, spotted goatfish 
Ostraciidae (Trunkfisbes) 
Acanthostracion polygonius, honeycomb cowfish 
Acanthostracion quadricomis, scrawled cowfish 
Lactophrys bicaudalis, spotted trunkflsh 
Lactophrys trigonus, trunkfish 
Pomacentridae (Damselfuhes) 
Pomacentrus leucosticrus, beaugregory 
Stegastes diencaeus, longfm damselfisb 
Scaridae (Parrotfishes) 
Scarus croicensis, striped parrotfish 
Scarus zaeniopterus, princess parrotfish 
Sparisoma aurofrenatum, redband parrotfish 
Sparisoma chrysopterum, rcdtail parrotflsh 
Sparisoma radians, bucktooth parrotfish 
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Sparisoma rubripinne, red fin parrodish 11 126.1 3 3 4.8 9.6 33.2 50.1 
Sparisoma viride. stoplight parrotfiSh 9 73.3 3 10 90.6 4 19 72.8 5 2.4 4 8.2 4 3.7 
Scorpaenidae (Scorpionfishes) 
Scorpaena grandicomis, grass scorpionfish 16.9 2 12.2 2 
Serranidae (Sea basses) 
Hypoplectrus puella, barred hamlet 50.4 1 
Soleidae (Soles) 
TrinecJes inscriptus, scrawled sole 2 19. 1 2 
Sparidae (Porgies) 
Calamus calamus, saucereye porgy 4 494.5 4 2 211.2 1 18 2647.6 6 8 748.0 3 29 3747.5 12 
Calamus penna, sbeepshead porgy 4 971.1 3 532.8 22 2916.2 7 2 1701.0 29 1651.0 10 
Sphyraenidae (Barracudas) 
Sphyraena barracuda, great barracuda 88 10540.2 33 155 20822.8 30 54 6526.3 16 
Syngruubidae (PipefiShes) 
31 2885.0 14 34 2022.9 22 37 23I2.9 I6 
Syngnalhu.s dunckeri. pugnose pipefish 2 1.7 2 0 .8 I 0.5 
Syngnathusjloridae, dusky pipefish 0 .8 3.2 
tv Synodontidae (Lizardfishes) 
VI 
0 Synodus foe tens, inshore Iizardfish 6.2 3 I9.7 3 
Synodus saurus, bluestripe Jizard:fisb 
44.1 
Tetraodontidae (Puffers) 
Camhigaster rostra/a, sharpnose puffer 0.1 1.1 
Sphoeroides nephelus, southern puffer 3 599.6 3 3 379.1 3 
Sphoeroides spengleri, bandtail puffer 5 .8 1 7 89.4 4 21.5 I 
Sphoeroides testudineus, cbeckered puffer 2 320.0 1 2 1526.4 2 4 
CRUSTACEANS 
272.9 3 2 26.5 2 2 169.8 2 
Alpbaeidae (Snapping shrimps) 
Alphaeus annillatus, banded snapping shrimp 1 0.4 
Alpheus heterochaelis, common snapping shrimp 2 5.4 4 4.8 4 5 6.4 3 
Dromiidae (Sponge crabs) 
Macrocoeloma lrispinosum, sponge spider crab 2 0.3 2 
Hippolytidae (Broken back shrimps) 
Hippolyte pleuracanlhus, broken back shrimp 2.7 0.1 
Tozeuma carolinensi.s, arrow shrimp 
0 .0 
Majidae (Spider crabs) 
Microphrys bicomutis, homed crab 2.1 2 1.7 2 
Mithrax sculptus, sculptured spider crab 0.9 
Neogonodactylidae (Smashing mantis shrimps) 
Neogonodactylus oerstedii, swollen-claw mantis 3 4.9 1 1.6 
Palaemonidae (Commensal shrimps) 
Pa/aemonjloridaru:t, Florida seagrass shrimp 0.8 
Palinuridae (Spiny lobsters) 
Parrulirus argu.s, Spiny lobster 400.0 0.3 
Penaeidae (Penaeid shrimps) 
Penaeus duorarum. American pink shrimp 9 8.0 3 2 4.5 2 5 4.6 4 6 9.1 4 2 1.0 4 15.4 3 
Penoeus setiferus, white shrimp 0.2 1 
Portunidae (Swimming crabs) 
Callinectes ornatus, ornate blue crab 3 115.6 3 3 88.2 3 3 3.2 3 4 11.2 4 
Callinectes sapidus, common blue crab 2 65.5 3 115.9 3 225.0 5 168.4 2 
Porr:unus spinimarrus, spiny lmnd portunid 0.1 0.6 
Pseudosquillidae (Spearing mantis shrimps) 
Pseudosquilla ocu/a1a, eyed mantis 1.7 4.0 
Squillidae (Mantis shrimps) 
N Squilla empusa, common mantis shrimp 3.7 2 3.9 2 2 7.8 2 
VI 
Xanthidae (Mud crabs) 
Leptodiusjloridanus, Florida leptodia 1.2 I 1.0 I 
Panopeus herbstii, common mud crab 11 9.0 7 4 1!.6 3 7 8.0 6 2 2.0 2 4.3 
ELASMOBRANCHS 
Carcharhinidae (Requiem sharks) 
Negaprion br~irostris, lemon shark 3 9942.7 3 1900.0 
Dasyatidae (Whiptail stingrays) 
DasyaJis americanus, southern stingray 3 49348.0 3 8 103773.0 6 2 42500.0 6 105630.8 5 1 33500.0 6 102293.6 3 
Ginglymostomalidae (Nurse sharks) 
Gin~mostoma cirratum. nurse shark 2 2920.1 2 4000.0 
Appendix 4 
Seagrass communities- Trawl catches 
Appendix 4.1 
Total unadjusted number (N), weight (W, in grams) and occurrence (0, number of nets caught 
in) of teleost and crustaceans caught within 200 m of the mangrove fringe in the North Sound, 
Bimini, Bahamas. Catches are separated by distance from the mangrove fringe (0-50 m, 50-
lOO m, 100-200 m) and by season (dry: November to April, wet: May to October). Sample 
sizes (number of trawls) are provided in parentheses. Each trawl covered an area of 50m2. 
252 
0-SOm 50-lOOm 100-200m 
Wet{4~ Dry {SO} Wet{4~ Dry {SO} Wet{4S} Dry {50} 
Famil;r/S~ecies N w 0 N w 0 N w 0 N w 0 N w 0 N w 0 
TELESOTS 
Atherinidae (Silversides) 
Atherinomorus stipes, hardhead silverside 4 1.9 0.3 0.4 1 
Balistidae (Triggerfish and filefishes) 
Monacanthus ciliatus, fringed filefish 2 2.0 2 
Batrachoididae (Toadfishes) 
Opsanus phobetron, scarecrow toadfish 3 14.2 3 
Belonidae (Needlefishes) 
Strongylura notata, redfin needJefi.sh 4.2 0.2 2 0.3 2 
Bothidae (Lefteye flounders) 
tv 
Bothus lunatus, peacock flounder 2.0 4 3.8 2 1.1 
VI Chaetodontidae (Buttertlyfishes) w 
Chaetodipterus faber, Atlantic spadefish 3.7 
Chaetodon capistratus, foureye butterflyfish 0.3 
Clupeidae (Herrings) 
Jenkinsia majua, slender herring 7 2.1 
Cynoglossidae (Tonguefishes) 
Symphurus plagiusa, blackcheek tonguefish 2.1 1.9 3.7 1.2 1 
Gerreidae (Mojarras) 
Eucinostomusjonesii, slender mojarra 4 10.0 3 22 55.5 9 4 7.5 3 29 16.3 10 34 9.4 8 
Gobiidae (Gobies) 
Bathygobius mystacium, island frillfin 0.1 
Haemuljdae (Grunts) 
Haemulon sciurus, bluestriped grunt 26.6 1 2 20.1 2 
Hemiramphldae (Halfbeaks) 
Chriodorus atherinoides, hardhead haltbeak 18 34.2 2.4 1.4 
Labridae (Wrasses) 
Halichoeres bivitattus, slippery dick 0.7 1 
Lutjanidae (Snappers) 
Lutjanus ana/is, mutton snapper 3.3 3.5 
Lutjanus apodus, schoolmaster 2 2.0 1 2.2 2 13.0 2 6 22.1 4 2 9.4 2 
Lutjanus griseus, grey snapper 1.7 2.5 3 22.5 3 2 195.2 
Lutjanus synagris, lane snapper 2.5 2 33.1 2 
Ostraciidae (Trunkfishes) 
Lactophrys trigonus, trunkfish 44.0 2 7.7 2 
Scaridae (Parrotfishes) 
Scarus croicensis, striped parrotfish 1.1 
Scarus taeniopterus, princess parrotfish 1.9 16 9.8 2 1.6 
Sparisoma chrysopterum, redtail parrotfish 2 51.7 2 4 40.5 2 2 9.6 2 5 43.9 4 
Sparisoma radians, bucktooth parrotfish 2 4.6 
Sparisoma viride, stoplight parrotfish 0.5 
Soleidae (Soles) 
Trinectes inscriptus, scrawled sole 10 28.0 7 6 8.8 5 9 37.6 8 7 19.0 6 3 14.5 3 5 14.4 5 
N Sphyraenidae (Barracudas) 
VI Sphyraena barracuda, great barracuda 6.4 1 ~ 
Syngnathidae (Pipefishes) 
Corythoichthys albirostris, whitenosed 
pipefish 4 14.2 4 2 3.1 4 2.2 
Hippocampus erectus, lined seahorse 0.7 2.0 
Syngnathus elucens, shortfin pipefish 0.5 2 0.4 2 2.8 1 1 0.3 2.1 1 
Syngnathusjloridae, dusky pipefish 4 5.0 3 2 2.6 2 
Tetraodontidae (Puffers) 
Sphoeroides nephelus, southern puffer 13.8 5.4 3 24.0 3 
CRUSTACEANS 
Dromiidae (Sponge crabs) 
Macrocoeloma trispinosum, sponge spider 
crab 7.5 
Stenocionops .furcata, decorator crab 2 30.3 2 
Hippolytidae (Broken back shrimps) 
Hippolyte p/euracanthus, broken back 
shrimp 0.0 2 0.4 3 0.1 2 
Tozeuma caro/inensis, arrow shrimp 1 0.2 1 3 1.4 2 
Majidae (Spider crabs) 
Microphrys bicornutis, homed crab 1.5 
Mithrax sculptus, sculptured spider crab 0.4 1 
Gonodactylidae (Smashing mantis shrimps) 
Neogonodactylus oerstedii, swollen-claw 
mantis 2 7.2 
Parthenopidae (Elbow crabs) 
Parthenope serrata, serrate parthenope 0.4 
Penaeidae (Penaeid shrimps) 
Penaeus duorarum, American pink shrimp 86 57.8 24 65 22.8 18 37 25.3 16 138 39.3 25 46 25.4 16 140 53.8 26 
Penaeus setiferus, white shrimp 0.2 
Portunidae (Swimming crabs) 
Ca/linectes marginatus, marginal crab 2 0.1 0.2 
Callinectes ornatus, ornate blue crab 94 23.7 25 31 34.5 12 57 18.5 22 45 15.5 19 83 26.9 22 32 4.0 11 
Ca/linectes sapidus, common blue crab 9 7.6 5 l 2.0 1 0.2 92.3 6 3.6 5 
IV Callinectes sapidus acutidens, blue crab Vl 
Vl subspecies 2 199.0 2 
Portunus spinimanus, spiny hand portunid 0.2 3 1.3 3 0.6 3 1.8 3 7 1.3 4 10 4.8 6 
Pseudosquillidae (Spearing mantis shrimps) 
Pseudosquilla ciliate, false ciliated mantis 2.0 1.8 0.6 1 2 2.2 2 0.3 
Pseudosquilla oculata, eyed mantis 2 3.5 2 
Xanthidae (Mud crabs) 
Leptodiusfloridanus, Florida leptodia 1 0.4 0.2 1 
Panopeus herbstii, common mud crab 6 28.4 6 13 11.8 7 15 11.6 10 10 18.2 6 12 11.9 8 11 2.8 6 
Appendix 4.2 
Total unadjusted number (N), weight (W, in grams) and occurrence (0, number of nets caught 
in) of teleost and crustaceans caught within 200 m of the mangrove fringe off South Bimini, 
Bahamas. Catches are separated by distance from the mangrove fringe (0-50 m, 50-I 00 m, 
100-200 m) and by season (dry: November to April, wet: May to October). Sample sizes 
(number of trawls) are provided in parentheses. Each trawl covered an area of 50 m2. 
256 
0-50 50-100 100-200 
Wet {31} Dry {40} Wet {32} Dry {36} Wet {38} Dry {3~ 
FamilriSJ!ecies NW ONW 0 N w 0 N w 0 N w 0 N w 0 
TELEOSTS 
Acanthuridae (Surgeonfisbes) 
Acanthurus bahianus, ocean surgeon 1.6 1 
Acanthurus chirurgus, doctor fish 2.8 40.4 
Apogonidae (Cardinalfishes) 
Apogon aurolineatus, bridle cardinalfish 0.4 
Atherinidae (Silversides) 
Atherinomorus stipes, hardhead silverside 52 63.3 4 1 1.4 1 46 42.8 2 33 33.1 5 
Balistidae (Triggerfish and filefisbes) 
Alutera schoefi, orange filefish 2.7 
IV Alutera scripta, scrawled filefisb 0.5 1 0.3 Vl 
-....} Monacanthus ciliatus, fringed filefish 3 6.0 2 2 8.4 2 3 6.4 2 
Monacanthus tuckeri, slender filefish 2 1.9 2 
Batrachoi didae (Toadfisbes) 
Opsanus phobetron, scarecrow toadfish 7.2 1 3.2 7.1 
Belonidae (Needlefishes) 
Strongylura notata, redfin needJefish 0.0 
Bothidae (Lefteye flounders) 
Bothus lunatus, peacock flounder 0.3 2 13.3 2 3 4.5 3 
Bothus ocellatus, eyed flounder 1.4 1 2 1.8 2 
Syacium micrurum, channel flounder I 0.5 
Chaetodontidae (Butterflyfishes) 
Chaetodon capistratus, foureye butterflyfish 2 13.8 2 7.8 4 10.4 3 
Chaetodon ocellatus, spotfin butterflyfish 5.0 
Clinidae (Clinids) 
Clinid, unidentified l O.l I 
Malacoctenus macnopus, rosey blenny 3 3.8 3 3 4.2 3 2 3.0 2 6 9.8 6 
Malacoctenus versicolor, barfin blenny 1.9 
Clupeidae (Herrings) 
Jenkinsia majua, slender herring 35 3.5 33 3.2 3 
Dactyloscopidae (Stargazers) 
Dactylocopus tridigitatus, sand stargazer 0.5 
Gerreidae (Mojarras) 
Eucinostomus jonesii, slender mojarra 3 4.6 3 7 1.9 4 2 17.9 2 2 0.6 2 
Gobiidae (Gobies) 
Bathygobius curacao, notch tongue goby 4 3.8 2 I 0.4 1 
Bathygobius mystacium, island frillfin 5 6.0 4 48 30.6 12 7 9.3 4 8 2.7 2 3 8.5 3 10 11.3 9 
Gobionel/us boleosoma, darter goby I 0.4 1 
Gobionel/us saepepallens, dash go by 0.7 2 0.4 0.3 0.2 
Haemulidae (Grunts) 
Haemulon aurolineatum, tomtate 1.5 1 
Haemulon jlavolineatum, French grunt 2 19.5 2 2 13.9 1.8 
N Haemulon parra, sailors choice 3 6.4 3 
Vl Haemulon plumieri, white grunt 2 21.0 1 1 0.1 1 7 48.6 6 5 11.1 5 18 123.6 7 3 11.7 1 00 
Haemu/on sciurus, blue striped grunt 12 93.4 11 9 37.2 6 8 91.0 5 20 47.2 7 18 104.4 11 30 138.8 13 
Hemiramphidae (Halfbeaks) 
Chriodorus atherinoides, hardhead haltbeak 6 1.2 0.1 1 55 17.1 4 
Labridae (Wrasses) 
Halichoeres bivitattus, slippery dick 4 35.1 2 2.1 1 12 35.3 8 6 13.6 6 8 20.1 6 
Hemipteronotus novacula, pearly razorfish 0.9 
Hemipteronotus splendens, green razorfish 1.8 
Thalassoma bifasciatum, blueheaded wrasse 1.3 
Lutjanidae (Snappers) 
Lutjanus apodus, schoolmaster 4 28.2 3 2 11.4 2 2 3.2 2 19.4 1 21.1 2 50.0 2 
Lutjanus griseus, grey snapper 8.3 2 40.9 2 2 27.8 2 
Lutjanus synagris, lane snapper 4 25.0 4 
Ocyurus chysurus, yellowtail snapper 2.1 3 2.5 3 9 16.0 5 2 6.3 2 
Mullidae (Goatfishes) 
Pseudopeneus maculatus, spotted goatfish 2.8 6 9.3 4 2.2 1.6 1 
Ophichthidae (Snake eels and worm eels) 
Myrophis, sand eel 4.8 I 4.8 
Pomacentridae (Damselfishes) 
Abudefduf saxatilis, sergeant major 0.2 
Pomacentrus leucostictus, beaugregory 2 8.3 2 5 23.8 2 2 7.4 2 2 7.6 2 4.2 
Scaridae (Parrotfishes) 
Scarus croicensis, striped parrotfish 3 6.6 2 6 15.4 3 8 11.9 4 9 9.2 5 3 9.5 3 14 35.4 5 
Scarus taeniopterus, princess parrotfish 32 41.3 7 16 26.4 6 22 39.5 9 37 53.1 7 21 25.8 10 17 32.0 6 
Sparisoma aurofrenatum, redband parrotfish 3 21.1 2 2 4.3 2 1 12 4 9.9 2 
Sparisoma chrysopterum, redtail parrotfish 30 324.8 13 30 193.6 12 47 329.5 20 31 165.8 14 44 313.0 19 60 290.5 24 
Sparisoma radians, bucktooth parrotfish 4 20.4 4 3 7.7 3 13 131.7 6 4 17.4 4 21 55.4 11 5 5.6 4 
Sparisoma rubripinne, redfin parrotfish 6 68.7 5 5 67.6 4 3 31.0 3 3 24.2 2 1 0.5 
Sparisoma viride, stoplight parrotfish 4 7.8 4 5 21.9 5 11 53.9 5 4.0 12 51.2 5 3 11.4 3 
Scorpaenidae (Scorpionfishes) 
Scorpaena grandicomis, grass scorpionfish 0.4 0.3 
N Scorpaenodes caribbaeus, reef scorpionfish 2 2.8 
Vl Sphyraenidae (Barracudas) \0 
Sphyraena barracuda, great barracuda 14.4 2 0.6 2 
Syngnathidae (Pipefishes) 
Corythoichthys albirostris, whitenosed pipefish 2 2.9 
Corythoichthys brachycephalus, crested pipefish 1 3.5 
Hippocampus erectus, lined seahorse 2 2.3 2 0.4 1 1.1 
Hippocampus zosterae, dwarf seahorse 0.8 
Syngnathus elucens, shortfin pipefish 1.5 
Syngnathus jloridae, dusky pipefish 0.0 5.4 4 11.3 3 
Synodontidae (Lizardfishes) 
Synodus foetens, inshore lizardfish 27.8 
Tetraodontidae (Puffers) 
Canthigaster rostrata, sharpnose puffer 0.3 3.9 1 4.3 
Sphoeroides nephelus, southern puffer 125.2 0.1 1 1.3 
CRUSTACEANS 
AJphaeidae (Snapping shrimps) 
Alphaeus armi/latus, banded snapping shrimp 2.4 1 
Alpheus armatus, brown snapping shrimp 3 0.2 2 0.2 
Alpheus heterochaelis, common snapping shrimp 1.2 I 2 3.6 0.3 
Synalpheus brevicarpus, snapping shrimp 0.2 1 
Calappidae (Box crabs) 
Calappajlamma, flaming shamefaced crab 0.2 1 0.4 
Calappa gal/us, yellow box crab 1.4 
Drorniidae (Sponge crabs) 
Macrocoeloma trispinosum, sponge spider crab 2 3.8 2 0.9 0.4 
Stenocionops furcata, decorator crab 4 4.9 4 .., ..) 2.4 3 0.2 1 4.2 
Gonodactylidae (Smashing mantis shrimps) 
Neogonodactylus oerstedii, swollen-claw mantis 0.3 0.1 3.1 
Hippolytidae (Broken back shrimps) 
Hippolyte pleuracanthus, broken back shrimp 2 1.2 2 2 0.1 2 0.6 0.1 3 1.6 3 3 1.9 3 
Tozeuma carolinensis, arrow shrimp 1.3 0.3 2 0.5 2 
N Majidae (Spider crabs) 
0'\ Microphrys bicornutis, horned crab 3 7.4 3 7 18.3 7 0 1 3.8 5 7.2 4 0.1 4.6 
Pitho anisodon, Marten's pitho 3.1 
Penaeidae (Penaeid shrimps) 
Penaeus duorarum, American pink shrimp 8 6.0 4 2 1.6 2 9 9.5 7 7 3.5 5 16 12.7 12 10 6.7 6 
Penaeus setiferus, white shrimp 0.4 1 
Portunidae (Swimming crabs) 
Callinectes danae, Dana's blue crab 0.7 
Callinectes marginatus, marginal crab 1 3.5 2 1.2 
Callinectes ornatus, ornate blue crab 2 1.4 2 4 0.8 2 5 2.8 4 1.5 2 0.8 2 8 3.8 3 
Callinectes sapidus, common blue crab 140.4 1 0.0 9 292.2 6 
Portunus spinimanus, spiny hand portunid 0.1 2 3.7 2 
Pseudosquillidae (Spearing mantis shrimps) 
Pseudosquilla ciliate, false ciliated mantis 6 18.1 4 1 1.3 2 2.8 2 3.3 1 2.0 2 4.6 2 
Pseudosqui/la oculata, eyed mantis 10 22.8 5 
Xanthidae (Mud crabs) 
Leptodiusjloridanus, Florida leptodia 2 3.9 2 
Panopeus herbstii, common mud crab 11 20.7 10 7 5.5 7 4 5.0 4 4 1.6 3 4 7.2 4 
·!'-.i 
:o-; 
-
. Pilumnus sayi; hairy wharf. crab 0.2 1 
Appendix 5 
Population estimates 
Population estimates at Bimini (North Sound and South Bimini combined), an area of low 
primary productivity: the North Sound, an area of high primary productivity: South Bimini, in 
the wet season (May to October) and in the dry season (November to April). Population 
estimates are the absolute total abundance calculated from mangrove block net catches, and 
over seagrass beds within 200 m of the mangrove fringe using seine and trawl catches. Mean 
species catches were converted to densities and then extrapolated over the following habitats 
within the study area according to distance from shore: mangroves, seagrass beds within 50 m 
of the mangrove fringe, seagrass beds between 50 and 100 m, and seagrass beds between lOO 
and 200 m from the mangrove fringe. Population estimates from each habitat were then 
summed to provide an overall estimate of the abundance of each prey family within the lemon 
shark nursery. 
North South 
PREY FAMILY Blmini total Sound Bimini Wet season Dry season 
TELEOSTS 
Acanthuridae (Surgeonfishes) 368 0 368 885 117 
Albulidae (Bonefishes) 355 297 58 512 166 
Antennariidae (Frogfishes) 6 0 6 0 15 
Apogonidae (Cardinal fishes) 98 0 98 0 254 
Atherinidae (Silversides) 917460 270586 646873 1792788 515125 
Aulostomidae (Trumpetfishes) 40 0 40 69 27 
Ba/istidae (Triggerfish and filefishes) 1810 297 1514 1428 3306 
Batrachoididae (Toadfishes) 760 236 524 98 1316 
Belonidae (Needlefishes) 30293 18725 11568 23979 37471 
Bothidae (Lefteye flounders) 1444 500 944 1646 1900 
Brotu/idae (Brotulas) 182 0 182 102 207 
Carangidae (Jacks) 648 371 277 911 544 
Chaetodontidae (Butterflyfishes) 1160 222 938 2386 500 
Clinidae (Ciinids) 1046 0 1046 995 1807 
Clupeidae (Herrings) 1098359 722 1097637 2562293 32627 
Cynoglossidae (Tonguefishes) 352 352 0 683 254 
Cyprinodontidae (Killifishes) 6544 6544 0 3958 7397 
Dactylopteridae (Flying gumards) 23 0 23 27 27 
Dactyloscopidae (Stargazers) 109 0 109 27 254 
Echeneidae (Remoras) 29 0 29 60 15 
Fistulariidae (Cometfishes) 6 0 6 0 14 
Gerreidae (Mojarras) 235682 199149 36533 313558 163508 
Gobiidae (Gobies) 14026 497 13529 15465 18639 
Haemulidae (Grunts) 32284 1332 30952 40618 33744 
Hemiramphidae (Halfbeaks) 10749 4127 6622 10046 16805 
Ho/ocentridae (Squirrelfishes) 6 0 6 0 14 
Labridae (Wrasses) 3565 162 3403 3880 5461 
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Lu{janidae (Snappers) 18318 4403 13914 23713 15645 
Mullidae (Goatfishes) 854 0 854 1221 707 
Ophichthidae (Snake eels and worm eels) 99 0 99 160 135 
Ostraciidae (Trunkfishes) 1824 793 1031 2001 2567 
Peoci/iidae;(Livebearers) 66 22 44 0 89 
Poinacentridae (Damsel fishes) 2612 0 2612 2324 3222 
Scaridae'(Parrotfishes) 511133 3422 47.711 76671 58850 
Scorpaenidae (Scorpionfishes) 321 9 lJ'il 210 644 
Serrariidae (Sea basses) 6 0 6 0 15 
Soleidae (Soles) 4568 4479 89 5443 4284 
Sparidae, (Porgies) 948 214 735 1740 540 
Sphyraeliidae (Barracudas) 8604 4045 4559 7811 10164 
Syngnatliidae (Pipefishes) 3189 2167 1022 4653 3280 
Synodoiitidae (Lizardfishes) 190 84 107 150 328 
Tetraodontidae (Puffers) 4085 2911 1174 2504 6567 
Triglidae (Searobins) 9 9 0 15 0 
Xenocongridae{False morays) 22 0 22 0 30 
CRUSTACEANS 
Alphaeidae (Snapping shrimps) 2580 9 2571 1859 3028 
Calappidae (Box crabs) 267 0 267 263 419 
Carcharhinidae(Requiem sharks) 138 115 23 135 115 
Dromiidae (Sponge crabs) 873 277 596 1292 910 
Grapsidae (Shore crabs) 44 0 44 176 0 
Hippolytidae (Broken back shrimps) 2006 717 1288 1569 3816 
Majidae (Spider crabs) 1640 232 1409 1266 2695 
Neogonodactylidae (Mantis shrimps) 386 167 219 483 420 
Ocypodidae (Fiddler crabs) 44 22 22 88 30 
Palaemonidae (Prawns) 6542 0 6542 13484 4231 
Palinuridae (Lobsters) 212 19 194 115 263 
Parthenopidae (Elbow crabs) 79 79 0 0 254 
Penaeidae (Shrimps) 53512 48841 4671 54035 69862 
Por/rmidae•(Swimming·crabs) 58027 53050 4977 69967 55214 
·Pseudosquillidae (False mantis shrimps) 2646 639 2007 3746 3321 
Squillidae (Mantis shrimps) 29 0 29 44 30 
Xanthidae (Mud crabs) 11522 7420 4102 15781 11958 
ELASMOBRANCHS 
Dasyatidae (Whiptail stingrays) 207 ,)6 191 129 371 
Parascylliidae (Collared carpetsharks) 12 0 12 0 30 
CEPHALOPODS 
Loliginidae (Inshore squid) 31 31 0 0 54 
TOTAL: 2,595,047 638,307 1,956,740 5;069,466 t;I06120l 
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